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CHAPTER: - 1 
INTRODUCTION AND EXPERIMENTAL 
BACKGROUND 
 
1.1 INTRODUCTION: - 
 
The study of electron collisions with atoms and molecules began soon 
after the advent of quantum mechanics. The knowledge of electron and 
positron, interactions with atoms and molecules illuminates, through its 
transdiciplinary nature, wide areas of pure and applied science. The study is 
pursued with more and more precision and sophistication. The reliable and 
exact atomic and molecular collision cross sections are in ever increasing 
demand. This information are needed to study and understand various 
phenomena in astrophysics, plasma physics, atmosphere aeronomy,  stellar 
and interstellar atmosphere, radio chemistry, biochemistry, biophysics, 
gaseous electronics, aurora, airglow, nano-materials, optical physics, surface 
science and in many other fields. The upper atmosphere receives constantly 
energetic particles and electromagnetic radiations. During the period of solar 
activity it receives intense electromagnetic radiation in X-ray and ultraviolet 
regions, cosmic ray particles, ion and electrons. They produce photo-
ionization of constituents of upper atmosphere. As a result, an abundance of 
electrons are produced. The electrons lose their energy through various 
collision processes with atoms and molecules and eventually resulting into 
thermal electrons. The ionosphere of earth is formed mainly due to the photo-
ionization of atmospheric atoms and molecules by solar radiation. The 
energetic electrons produced in the ionosphere further excite the neutral 
particle due to collisions. These particles in excited states give rise to 
fluorescence on decay to lower states. This has the effect on day glow.  The 
oxide molecules of nitrogen exist in various concentrations at different altitude 
in our Earth’s atmosphere. Their importance is recognized as atmospheric 
pollutants and in connection with ozone depletion processes. Collision of 
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these molecules with electron plays an important role in the study of earth’s 
atmosphere. 
 
The study of electron – atom collision is also needed for certain 
processes taking place in laboratory plasma and plasma processing 
industries. It observed that the collision of impurity atoms in the laboratory 
plasma results into its cooling. The impurity molecules also exist in coal fired 
MHD (megntohydro dynamics) plasma and they affect its conductivity. 
 
Positron – atom collisions are of interest because they involve 
interactions of antimatter with matter and also because they can help to 
provide a better understanding of the scattering of electrons by atoms and 
molecules, a subject of great importance to many different field of science and 
technology such as plasma physics, laser development, gaseous electronics, 
astrophysics and studies of the earth’s upper atmosphere. During the past 
decade, additional interest in positron – atom collisions has been stimulated 
by the gamma rays coming from solar flares and from the direction of the 
center of our galaxy. Such annihilation gamma rays can provide considerable 
information on the type of environment which exists at the site of their origin. 
Sufficient information can be obtained on the ways in which positrons interact 
with hydrogen and other atoms and molecules of astrophysical interest. 
 
Electron-molecule collisions play an important part in various studies, 
including those of solar and planetary atmospheres, cometary bodies and 
large molecular cloud formations in deep space. One of the most exciting 
aspects of interstellar physics is the continued discovery of wide range of 
interstellar molecular species. The study of “collision induced rotational 
transition” in molecules is drawing much attention because of two reasons. (1) 
It is known that when the density of the gas is lower, then rotationally excited 
polar molecules decay by an emission of radiation. This leads to a loss of 
thermal energy of the gas as a whole. Many kinds of polar molecules are also 
found in interstellar space. The collisions of free electrons if any with such 
molecules may be an important mechanism to cool the interstellar gas 
containing them. (2) This process is important for interpreting spectral data 
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obtained from interstellar sources. It has been found that for the interpretation 
of the spectral data for some strongly polar molecules, it is absolutely 
necessary to consider electron–molecule collision in addition to H2 – molecule 
collision. 
 
1.2 TYPES OF COLLISIONS: - 
 
In a collision process, a particle (projectile) with known characteristics 
is incident on an atomic or molecular target and after the interaction it is 
scattered into a modified free state. During the scattering process, different 
changes including angular deflection, change in kinetic and internal energies, 
chemical changes, gains or loss of electrons etc. can be detected. 
Considering above changes, scattering process can be divided into three 
classes. 
 
(1)   Elastic    (2)   Inelastic   (3)   Super Elastic 
 
(1)   Elastic Scattering: - 
 
In this process two particles A and B are simply scattered without and 
change in their internal structure. This can be represented as 
 
                             A + B = A + B                            --- (1.1) 
 
Where A-is the target and B – is the projectile. In this process, only 
kinetic energy of the projectile and target can be exchanged but total energy 
of the reactants is same as that of the products. If electron or positron is the 
projectile and target is an atom or molecule, then average energy transferred 
to the target is very small because m/M << 1, where m is the mass of an 
electron and M is the mass of the target. However the electron may transfer 
considerable momentum in making large angle scattering. The transfer of 
momentum is the focal point when considering elastic scattering of electrons. 
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In this process a possibility may arise in which there is an exchange of 
the incident electron with one electron of the target “A”. In this case the 
scattering process is termed as elastic scattering with exchange. 
 
(2) Inelastic Scattering: - 
 
In an inelastic scattering the target undergoes a change of its internal 
quantum state at the expense of the kinetic energy of the incident particle. As 
a result the target gets ionized or excited to higher energy state. For the 
particles “A” and “B”, inelastic scattering can be represented in the following 
manner. 
 
  A + B = A*+ B 
                      A + B = A + B* 
  A + B = A*+ B*                            --- (1.2) 
 
 
Where A* and B* are new internal states of A and B respectively. In 
this process excitation of the target may be an electronic, vibrational or 
rotational. There may be even formation of compound negative ion states. 
Some times the energy lost by the incident particle is emitted as 
electromagnetic radiation. This type of inelastic scattering is known as 
radiative collision. 
 
(3) Super Elastic Scattering: - 
 
This type of collision takes place, when the target is in excited state. 
During the collision the target imparts some energy to the incident particle and 
seeks its lowest possible energy state. Thus incident particle gains some 
energy from the target during this process. Super elastic collision are 
important at low electron energies (close to thermal) and in collision with 
metastable atoms and molecules. 
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1.3 CHNNELS: - 
 
Channel is a possible mode of fragmentation of the composite system 
(A + B) during the collision. It is characterized by the number and the nature of 
the fragments into which the system (A + B) can be decomposed, the 
definition of the channels contains some arbitrariness, related to specifying 
the precise “nature” of the fragments. 
 
One of the possible mode of fragmentation of the system gives back 
the two original particle A and B or remaining in initial channel. In an elastic 
collision the two colliding particles remain in the initial channels, a channel is 
open if the corresponding collision is allowed by known conservation laws like 
as energy conservation and charge conservation. Otherwise it is known as 
closed channel. 
 
1.4 COLLISION CROSS SECTIONS: - 
 
The probability that a given type of collision will occur under given 
conditions is usually expressed in terms of the collision cross section. It can 
be defined as follows. 
 
The cross section of a certain type of event in a given collision is the 
ratio of the number of events of this type per unit time and per unit scatterer to 
the relative flux of the incident particle with respect to the target. 
 
The collision processes are studied in terms of these parameters 
known as the cross sections. These are the important design parameters in 
the practical applications of the scattering processes. The cross sections 
derived using theoretical calculations may be compared with their 
experimental counter parts, thus enabling us to assess the accuracy of the 
theoretical methods used. There are four important parameters used to study 
the scattering processes. 
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(1) Total collision cross sections (TCS). 
(2) Differential scattering cross section (DCS). 
(3) Total elastic scattering cross section (TESC). 
(4) Momentum transfer cross section (MTS). 
 
(1)  Total collision cross-section (TCS): - 
 
Let a well collimated fairly mono-energetic beam of incident particles 
with reasonable beam intensity is directed towards the particles of the target. 
Each scatterer acts individually under the assumption that number density is 
small enough. The scattered particles are registered in a detector at 
microscopic distance (Fig.1.1). 
 
Let NA be the number of particles interacting per unit time with target 
scatterer numbering Nt particles. The relative flux ФA of incident particles is 
the number of incident particles crossing a unit area normal to the beam 
direction and fixed relative to the target in unit time. Hence NA is proportional 
to ФA and Nt. 
 
                         NA α ФA Nt 
                         NA = Qt ФA Nt                            --- (1.3) 
 
 
Where, Qt is the total collision cross section (TCS).   Hence Qt is the 
number of incident particles interacting with the target per scatterer per unit 
time per relative incident flux. The TCS is related to the probability that an 
incident particle interact with a target particle and has therefore been removed 
from the incident beam. 
 
(2)   Differential scattering cross section (DCS): - 
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A detailed account of the scattering process can be obtained through 
DCS. Consider an elastic scattering process in which dN number of particles 
are scattered per unit time within a solid angle dΩ about the direction (θ, ø) 
relative to the incident direction along z-axis, then 
 
  dN α ФA Nt ∆Ω 
            dN = ФA Nt ∆Ω dσ / dΩ (θ, ø)                         ---  (1.4) 
 
Hence, dσ / dΩ (θ, ø) are the elastic differential cross sections. 
Quantum mechanically the DCS is related to the scattering amplitude [Fi f (θ, 
ø)]. The relation is given by, 
 
            dσ / dΩ (θ, ø) = (kf / ki) [ | Fi f (θ, ø) | ]
2                         ---  (1.5) 
 
Where ki and kf are incident and scattered momentum vectors 
respectively. That expression gives the probability that a particle in the 
incident beam will be scattered in to the solid angle dΩ. To define the DCS of 
the collision between any two particles, the co-ordinate system i.e. laboratory 
frame or center of mass frame should be specified. For the collision of a 
particle with a fixed scattering center, the definition of the different scattering 
cross section is equally valid in the laboratory and center of mass co-ordinate 
system. Since a scattering center that is fixed has an infinite effective mass, 
as such the center of mass the system does not move. For a collision 
between two particles of finite mass however the deferential cross section eq. 
(1.5) applies in general only to the laboratory co-ordinate system and to the 
observation of the scattered incident particle. It does not describe the 
observation of the recoil bombarded particle in the laboratory system, 
although it is of course possible to obtain a different cross section for the 
recoil particle from dσ/dΩ (θ, Ø). In the center of the mass system the 
differential cross section may be defined in analogy with eq. (1.5) where again 
the scattered incident particle is the one that is observed and the flux NA of 
the incident particle is computed with respect to the bombarded particle, not 
the center of mass. 
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(3)    Total elastic scattering cross section (TECS): - 
 
The total elastic scattering cross section “σel” is obtained by integrating 
the DCS over all solid angles. Hence, 
 
                      σel = ∫ (dσ /dΩ) dΩ                                       ----  (1.6) 
 
For the non – elastic channels, the total cross section denoted by σinel 
can be defined as. 
 
            σinel = σt – σel                             ----  (1.7) 
   
 Where ‘σt’ is the TCS defined earlier. 
 
(4) Momentum transfer cross section (MTCS): - 
 
The momentum transfer cross section is useful in the discussions of 
neutral and charged particle in gaseous ions. Because of the momentum 
transferred by the projectile in the incident direction during the scattering (for 
low energy), the momentum transfer cross section σm is given by  
 
 
      σm = ∫ (dơ/dΩ) [1 – (kf/ki) COSθ] dΩ               ---  (1.8) 
 
 
Where, kf and ki are the magnitudes of incident and scattered wave 
vectors. For elastic scattering kf=ki. So eq (1.8) can be written as 
 
      σm = ∫ (dσ/dΩ) [1. – COSθ] dΩ                          ---- (1.9) 
In the above expression (1–COSθ) is weighting factor which comes 
from the transfer of momentum. Its contribution to σm is small for small angle 
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scattering. The momentum transfer cross section σm differ appreciably from 
the total elastic scattering cross section σel for distinctly anisotropic scattering. 
If dσ/dΩ (θ, Ø) is independent of θ then σm = σel, forward scattering dominates 
σm < σel and backward scattering predominates σm > σel.  Both experiment and 
calculation show that electrons are not scattered isotropically and that large 
angle scattering of slow electron is important. 
 
The cross section discussed above can be directly measured 
experimentally or calculated analytically using theoretical methods. Now some 
experimental techniques are discussed in the following sections. 
 
1.5 BASIC EXPERIMENTAL TECHNIQUES:-  
 
There are mainly two types of experimental technique to study in 
general electron – atom or molecule interactions. 
 
(1)    Electron Swarm Technique. 
(2)    Electron Beam Technique. 
 
There is also a technique which is a combination of both is known as 
swarm – beam techniques. 
 
(1) Swarm Technique: - 
 
In the electron swarm experiments electrons undergo many collisions. 
They diffuse in the gaseous medium through which they drift under the 
influence of an externally applied electric field. An equilibrium energy 
distribution is attained where the gain from the field is balanced by the 
numerous but small fractional energy losses due to dominant elastic 
collisions. The distance traveled by an electron in a given swarm has an 
important effect due to large angle scattering as well as low energy inelastic 
scattering. In electron swarm experiments the electron swarm or pulse should 
reach a steady state condition and attain an equilibrium energy distribution 
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quickly that is from the beginning of the drift space. This introduces some 
problems as to the back scattering of electrons and the effects of boundaries 
in solving the Boltzmann transport equation. The relaxation time i.e. the time it 
takes for an electron swarm to reach a steady state condition in a gas must be 
much shorter than the drift time involved. The energy of the electron in the 
swarm has a function f(E, E/P) defined by f(E,E/P)dE - fractional of electrons 
in an energy range dE about E and E/P is the pressure reduced electric field 
commonly expressed in volt/cm.torr at a specified temperature T usually 
indicated as a subscript to the pressure P. In swarm experiments the 
measured quantities are averaged over f(E, E/P) and are recorded as function 
of E/P. The parameter E/P was first introduced by J.J.Townsend who pointed 
out that the energy distribution of electrons and ions in a gas is, in most 
cases, predominantly determined by the ratio of electric field strength E to the 
gas number density N. It is then necessary to specify the temperature of the 
experiment and often the true value of E/P is converted to an equivalent value 
of some standard or reference temperature by making use of equation P0 = 
273P/T, where P0 – is the relaxed pressure at a temperature T. 
 
Two basic parameters are measured in swarm experiments (1) Drift 
velocity of the electrons in the direction of uniform external electric field E and 
(2) The diffusion co-efficient D which are related to f(E, E/P). The relations are 
(Allis, 1956) 
 
        W = (-4pi/3) (e/mN) (E/P) ∫
α
0
[V2/Qm (V)] (df0/dV) dV          ---- (1.10) 
                                                                                                
         D = (4pi/3) (e/mN) (E/P) ∫
α
0
f0 [V2/Qm (V)] dV             ---- (1.11)
                                                                                      
Where “f0” is the spherically symmetric in the expansion of electron 
velocity distribution function. “N” - is the number of gas molecules per cm3 at 
one torr at a specified T and P is the pressure in torr at the specified T. “e” – is 
the electronic charge, “m” – is the mass of the electron and E is the applied 
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electric field. “V” – is the relative velocity between the electron and gas 
molecule or electron velocity for m<<M. When f0 is assumed to be maxwellian 
with temperature T, one has 
 
W = (4pi/3) (e/mN) (E/P) (2pi)-3/2 (m/KT)5/2∫
α
0
dV(V2/Qm(V))                                            
                                                                   exp (-mV2/2KT)-1     --- (1.12) 
 
Where, “K” is Boltzmann constant. In the determination of Qm (V) from 
the measurement of W, a functional form of Qm (V) was assumed as follows.  
 
(1)     The assumption   Qm(V) = A1V
-2 
 
The Born approximation theory of Altshuler (1957) gave Qm (V) α V
-2 
then eq. (1.12) reduces to  
 
          W = (8/3) (2KT/pim) 1/2 (e/mN) (E/P) (1/A1)              --- (1.13) 
 
          Using this formula, Christophoron and Christodoulides (1969) 
determined A1 for 34 species of polar molecules. 
 
(2) The assumption       Qm (V) = AαV
-α 
 
This form is more flexible than previous one. Christophoron and 
Pittman (1970) determined the two adjustable parameters (Aα,α) by 
measuring the temperature dependence of W. The resulting for 14 species is 
in the range from 1.79 to 2.38. 
 
(3) Fabricant’s Method: - 
 
Starting from the formula for the scattering amplitude for a fixed, finite 
dipole, Fabricant (1977) derived an approximate formula for Qm (V). His form 
included one adjustable parameter which represented an effect of interaction 
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other than electron dipole one. He reanalyzed the data on W measured by 
Christophoron and Pittman to obtain Qm (V). 
 
Thus resulting value of Qm (V) was dependent on the form assumed 
before analysis. To see the difference, Itikawa (1978) compared the average 
momentum transfer cross section given by 
 
             <Qm> = 4pi ∫
α
0
dV V2 f(V) Qm (V)                                  --- (1.14) 
 
Determining Qm(V) in above three ways. In eq. (1.12) the Maxwellian 
distribution with T = 298 K was used for “f”. Although the general qualitative 
agreement was noticed, there were large discrepancies for some species. 
 
          The derivation of eq.(1.10) was based on the several 
assumptions. The most important was that elastic processes should dominate 
over in-elastic one. Strictly speaking the formula eq.(1.10) is applicable only to 
the case where in-elastic cross sections are very small compared to elastic 
one. In the electron polar molecule collision, rotational transition occur easily 
even at very low electron temperature. Since there is no established way of 
including in-elastic effects in the derivation of W, eq.(1.9) is often used even in 
this case as shown above. Taking into account inelastic processes more 
explicitly, Crawford et-al (1967) derived another formula for W as follows. 
 
W = (e/mN) (E/P) (8/(3 pi ) (m/2KT)5/2 ∫ dV V
5 Qm(V)  
                                                     exp (-mV)2/2KT)-1                         ---  (1.15) 
 
Here Qm(V) is modified momentum transfer cross section defined by, 
 
    Qm(V) = 2pi ∑ sg dθ sinθ [1 – (V’cosθ/V)] j I j j’ (θ,V)             --- (1.16) 
 
Where V’- is the electron velocity after collision with rotational transition 
j → j’ and “gs” is the fraction of the molecules in its initial state j. In the 
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derivation of eq.(1.15), Crawford et al used the first approximation of the 
Chapman – Enskog method. That approximation had proved very poor in 
many cases (Schweitzer and Mitchner, 1967). Thus the applicability of the 
formula eq.(1.15) is rather limited. Both in eq.(1.12) and eq.(1.15). The 
Maxwellian velocity distribution is assumed for electrons. In the actual 
experiment, this assumption does not necessarily hold. For the accurate 
determination of Qm(V), the Boltzmann equation should be solved to give the 
electron distribution function. More precisely Qm(V) and “f” need to be 
determined simultaneously, so as to reproduce the measured values of 
transport properties.  This kind of approach has been developed extensively 
by Phelps (1968). 
 
(2) Beam technique: - 
 
The electron beam technique gives direct measurement of electron 
scattering cross sections, both total and differential. In principal atleast a 
direct measurement of the differential scattering cross section is straight 
forward. All that one needs to do is to scatterer a monoenergetic parallel 
beam by a monoenergetic line target. One then studies scattered electrons 
arriving at a detector of infinite angular resolution as a function of angle and 
outgoing energy of electrons. Such an arrangement is illustrated 
schematically in figure (1.1). From such a set of measurements one can 
directly obtain either the total cross section or the momentum transfer cross 
section. However in practice, the problems associated with making low energy 
quasi-monoenergetic electron beam and a quasi line target as well as 
detecting the scattered electrons at even some finite angular resolution have 
proven to be some what difficult. The problem of unknown or at best variable 
detection efficiency arising from finite angular resolution can be, to a certain 
extent, overcome, by the total scattering measurements. However, the 
problem associated with finite energy resolution becomes more serious as 
one goes to lower and lower energies. Ultimately the problem of space charge 
(leading to loss of signals at very low energies) makes it impossible to 
measure scattering cross section directly. In many cases as the energy is 
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lowered, a measurement of scattering cross section gradually becomes a 
measurement of the average value of the product of the cross section and 
collisional relative velocity. Thus at sufficiently low energies even also called 
direct measurement ends up with the problem of unfolding the desired cross 
section for the mono-energetic particles from measurements averaged over 
the energy distribution functions of the colliding particles. 
 
The beam technique can be distinguished by two classes. 
 
(1)   Threshold electron excitation. 
 
(2)   Energy loss technique. 
 
(1)   Threshold Electron Excitation: - 
 
In threshold electron excitation a quasi monoenergetic electron beam 
of varying energy strikes the target gas and the electrons which have lost 
essentially all of their energy at collision are detected independently of the 
scattering angle. In this method, the incident electron energy is varied, kept 
close to the excitation threshold of the target. The scattered electrons, which 
have to lost essentially all of their energy upon collision with the target, are 
trapped by either a small potential well or a suitable scavenger gas which 
surrounds the scattering center. The trapped electrons method was used by 
Schuttz (1957 to 1959). A graph of the trapped electron current versus 
incident electron energy yields the threshold electron excitation spectrum of 
the target. In this method a quasi monoenergetic beam is obtained by 
application of retarding potential difference method (Fox et al; 1951). The 
electrons from a filament are collimated by a magnetic field and are directed 
towards an opening in an electrode. This electrode is negatively biased, so 
that the electrons in bunch with insufficient energy are cut off. The imputed 
bunch is accelerated by the potential difference between the electrode and 
collision chamber to the desired mean energy. In passing along the axis of the 
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collision chamber some undergo scattering and are trapped, the unscattered 
beam being collected at the collector. In stead of one electrode, more 
electrodes are also used to increase beam intensity and sharpen the effective 
resolution. Advantage of the trapped electron method is its higher sensitivity 
compared to the electrostatic analyzer. However its energy resolution is rather 
poor. 
 
(2) Energy – loss technique: - 
 
In energy-loss experiments an electron beam of fixed energy strikes 
the target and the energy spectrum of the scattered electrons referred to as 
the energy-loss spectrum, is measured either in forward direction or at an 
angle (s). The basic components of an apparatus of this kind are an electron 
source, an energy selector, a collision chamber, a scattered electron energy 
analyzer and an electron detector. Various types of electrostatic selectors are 
invented to produce mono-energetic beam of electron and for energy analysis 
of the scattered electrons, the 127 electrostatic selectors (Clerk, 1954; 
Marment and kerwin; 1960), the spherical electrostatic selector (Hutchinson; 
1956), the monifinetron (Marment; 1968), the time of flight selectors (Chania 
et al; 962). Among all these selector rather beautiful and successful one is 
spherical electrostatic selector. In this version, both monochromatic and 
analyzer are similar and hemispherical halves of the apparatus. In 
monochromatic half an intense and well collimated beam from electron gun is 
decelerated and made monochromatic by energy selection in an electrostatic 
deflector. Then it is accelerated into the collision chamber. The transmitted 
electron beam is decelerated; energy analyzed and accelerated into Friday 
cup collector. The monochromatic half can be rotated about scattering 
centers, so that scattered electrons can be analyzed at various angles. This 
arrangement can be further refined by replacing gas cell by a cross fired 
molecular beam. The method is known as crossed beam method. In this 
method a well collimated neutral molecular beam is cross fired into a 
scattering chamber where it intersects the electron. An attenuation suffered by 
electron beam and the degree of dissociation in molecular beam are 
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measured. The method has recently come into much prominence. (There are 
two types, one is electron energy loss method in which scattered electron is 
detected and another is recoiled molecular beam method in which recoiled 
molecules are detected.) 
 
1.6 SOME EXPERIMENTS PERFORMED TO 
MEASURE TCS AND DCS: - 
 
Dalba et-al (1977) had built a modified Ramsauer type apparatus to 
measure the total absolute cross section for both e– – molecule and H+ - 
molecules scattering from 100 to 2000 eV. and 5 to 50 eV., respectively. To 
test the performance of new machine total cross section for e– – He collision 
was measured in the energy range 100 – 1400 eV. The basic scheme of the 
apparatus is shown in the figure (1.2). The main difference in comparison with 
previous Ramsauer – type apparatuses lie in the interaction chamber. In the 
present apparatus the interaction chamber was split into two electrically 
connected parts. The first one (form slit S5 to S6) limits the gas region and it is 
known as gas chamber. The second part (S6 to S7) is a pumped section in 
which the pressure is held constant at less than the gas chamber pressure by 
means of diverter value (Besta et al 1976). The main purpose of splitting, the 
interaction chamber was to improve the angular resolution of Ramsauer 
configuration. The electrons which enter the interaction chamber in a 
collimated beam and are scattered, but not counted as scattering events (i.e. 
they react the collector) if their scattering angle is such that their trajectory is 
not intercepted by the exit aperture (see trajectory A → A). Electrons can be 
scattered at large angles and reach the collector any way if the scattering 
happened in the vicinity of the out put aperture. 
 
 
1.7 MICROWAVE SPECTROSCOPY FOR                               
ATMOSPHERIC, ASTROPHYSICAL AND COMETARY 
MOLECULES STUDIES: - 
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The spectral lines in the visible ultraviolet and soft X-ray regions 
obtained from astronomical observations have provided valuable information 
on atomic and ionic species. But recent development of spectral line radio-
astronomy has lead to the discovery in interstellar clouds and circumstellar 
shells of wide variety of molecules by measurements in the microwave in 
millimeter regions. For reactive radical and ionic molecules the astronomical 
measurements can often be performed with greater precision than laboratory 
experiments. The radio-astronomical observations have been made of the 
radical species ‘CH’ (Redbeck et al; 1974, 1976, Turner and Zuckerman; 
1974, Robinson et al; 1977, Lang and Wilson; 1978), and CN (Jeffers et al; 
1973, Turner and Gannon; 1975), which have provided highly accurate data 
on the doublet splitting of CH and on the hyperfine structure of CN. In the 
observations of astronomical objects, many unidentified lines exist. The line at 
89.2 GHz is definitely attributed to the molecular ion HCO+ as Klemprere 
(1970) originally proposed. Afterward it had been identified by microwave 
laboratory experiments of Woods et al (1975) and the detection of isotope 
H13CO+ (Snyder et al; 1976). This identification was strongly supported by 
elaborate quantum calculations of the potential energy surface (Bruna; 1975, 
Kramer and Diercksen; 1976). 
 
An unidentified triplet of lines was discovered at 93.2 GHz by Turner 
(1974), who argued that the triplet structure arose from molecular quadruple 
hyperfine structure and suggested that the molecule contained a nitrogen 
atom in the “out board” position. Green et al (1974) then proposed that the 
molecule was ionic species N2H
+ and supported their proposal by self 
consistent field calculation of the rotational constant and hyperfine structure 
that was in harmony with the observational data. The identification was 
confirmed by resolving the hyperfine structure due to the inner nitrogen 
nucleus (Thuddeus and Turner; 1975) and by a laboratory microwave study of 
glow discharge in mixture of hydrogen and nitrogen (Saykully et al; 1978). 
 
A quarter of lines near 87.3 GHz was detected by Tucker et al (1974) 
who were able to identify its positively as due to ethylene radical C2H. Gas 
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phase ethylene has not been studied in the laboratory but experiments with 
electron spin resonance infrared and optical spectroscopy (Cochran et-al 
1964; Graham et al 1974) of ethylene trapped in inert gas matrices at liquid 
helium temperature have been performed. The astronomical data have 
yielded values of the rotational, spin doubling and hyperfine constants of C2H. 
 
Astronomical observations have also provided accurate data on 
conjugated carbon chains. The cynopolynes HC5N, HC7N and HC9N have 
been detected and accurate transition frequencies have been determined 
(Avery et al 1976, Kroto et al 1978, Broten et al 1978). A tentative 
identification of the cyano ethanol radical C3N in the envelope of IR + 10216 
has been made (Guelin and Thaddeus, 1977), based largely on theoretical 
predictions of its microwave spectrum (Wilson and Green 1977) and the 
butadiene radical C4H has been observed also in IA + 10216 (Guelin et al 
1978). Electron spin resonance has been used to investigate C4H trapped in 
frozen inert gas metrics (Dismuke et al, 1975). 
 
The rotation and spin doubling contrasts infrared from the astronomical 
data that C4H is the origin of the emissions are generally consistent with 
Hartree – Fock calculations (Wilson and Green, 1977) and the identification of 
C4H is apparently unquestioned. 
 
The cosmic ice laboratory of NASA Goddard Space Flight center 
detected Cometary molecules likes SO, CH, OH, CO, NO, SiO, H2O, HCN, 
H2S, SO2, OCS, H2CO, HC3N, C2H2, CH3OH, CH3CHO, CH3CN, NH2CHO, 
HCOOH and HOOCH3 using UV-VIS (electron-excitations), mm/sub-mm 
(rotational excitation), infrared (vibration excitation) spectroscopy (2005). 
CSIO’S radio telescope and optical telescope of Anglo in Australian 
observatory will be used to look for OH molecules, which are a sign of water 
in the comet. CSIRO’S Mopra telescope (Coonabarabran NSW) and Australia 
telescope compact array (near narrabri NSW) will be used to look for HCN 
molecule, which are a general marker for a range of Carbon-based molecules.  
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Interstellar space is the valuable laboratory for fundamental 
investigations of the properties of highly unstable reactive molecules not 
accessible in easily achieved terrestrial laboratory condition. With this 
knowledge of astronomical molecules it necessitated deep studies of 
collisional processes with these molecules which can throw more light on the 
emission of the spectral lines. 
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                                 Fig. (1.1) 
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                                                      Fig. (1.2) 
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CHAPTER: - 2 
THEORETICAL METHODS AND     
APPRAOCH TO THE PROBLEM 
 
2.1 INTRODUCTION: - 
 
In the previous chapter some important collision processes and 
experimental methods for the study of electron and positron scattering by 
atoms and molecules have been discussed. Along with the development of 
experiment techniques the attempts have been going on to evolve an 
adequate theory which can describe the problem and interprets the 
experimental results. Soon after the advent of quantum machines collision 
process between slow electrons and atom or molecule began to be studied. 
Inspite of large amount of work done, there still exist significant difference 
between theoretical and experimental results. Specific quantum mechanical 
theories have been developed for specific energy domains of the projectiles 
and nature of the targets. For convenience energy range is divided into three 
regions. 
 
(1)  Low Energy   (2)   Intermediate Energy   (3)   High Energy 
 
(1)  LOW ENERGY: - 
 
The low energy region is the one where only few states can be excited 
or only a few channels are open. In this region the speed of the projectile 
electrons or positrons is less or nearly equal to that of the target atoms or 
molecules. Generally the electrons or positrons have incident energy less 
than 10 eV. fall in the low energy range. One can represent all open channels 
explicitly in the total electron – atom collision wave function. The methods 
falling in this category can be described by target eigen function expansion 
methods. They are referred as, 
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(1)  The close coupling approximation 
(2)  Correlation approximation 
(3)  The polarized pseudo state approximation 
(4)  L2 – method 
(5)  R – matrix method 
(6)  Many body methods 
(7)  Quantum defect theory 
 
(2)  INTERMEDIATE ENERGY REGION: - 
 
The intermediate energy is near the excitation threshold of the target 
and extends up to few times the ionization threshold but below the region in 
which First Born Approximation becomes accurate. Generally the electrons 
and positrons have energy from 10 eV. to few hundred eV. fall in the 
intermediate energy range. The basic problem here is to allow in some 
average way, for the infinite number of open channels including continuum, 
particularly when the convergence of the perturbation theory is poor. The 
method which describes this region is referred as. 
 
(1)  Optical potential method 
(2)  Eikonal Born Series method 
(3)  Modified Glauber approach 
(4)  Corrected static approach 
(5)  Variable charge distorted wave methods and its Variants 
(6)  Coulomb projected Born approximation 
(7)  Many body theory 
(8)  Uniterised Eikonal Born series method 
 
 (3)  HIGH ENERGY REGION: - 
 
In this region the energy range extend from a few times the ionization 
threshold upwards. The region is characterized theoretically by the rigid 
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convergence of perturbation theory and for a sufficiently high energy the first 
Born approximation will usually but not always, be applicable. 
 
As explained above the low and high energy methods are well defined. 
For the intermediate energy region, the high energy methods can not be used 
without modification. In this region the low energy approaches becomes quite 
complicated as large number of channels become open. The common feature 
in all intermediate energy methods is that they all play attention to the second 
order term of the multiple scattering series and attempt to treat it accurately as 
far as possible. 
 
The present work is mainly concerned with low and intermediate 
energy region. As regards the study of the intermediate energy, one can start 
either extending low energy methods and include those effects which become 
important at this region or another approach is to start correcting the high 
energy approaches. In general the correction to the first order term of the 
multiple scattering is sought in variety of ways. In the present work First Born 
approximation and Born Eikonal Series (BES) approximation are used in low 
energy region. 
 
2.1   DEVELOPMENT OF SCATTERING THEORY: - 
 
Before discussing the different approximation methods first let us 
concentrate idea on the development of scattering theory. Suppose a parallel 
beam of the particles of given momentum is directed towards a target which 
scatters the particles in various directions. The scattered particles travel 
radially outward. At large distance from the target they are detected by 
suitable instrument. This is the general picture of scattering process as 
discussed in previous chapter. 
 
It is usual and convenient to choose a coordinate system. Let us 
choose origin at the position of the target or scattering center and Z-axis 
which is taken in the direction of incident beam is also taken as polar axis. 
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Then θ – is the angle of scattering which is angle between the scattered and 
incident particles direction. The plane containing incident beam and scattered 
beam is called is plane of scattering. A reference plane containing Z-axis is 
determined. Then the angle between the reference plane and scattering plane 
is called the azimuthally angle Ø. So that direction of scattered particles is 
indicated by polar angle (θ, Ø) with polar axis is taken as Z-axis. 
 
The particles involved in the scattering process which are described in 
quantum mechanical treatment as wave functions. If we assume that a steady 
incident beam is maintained for all time, then we can assume the wave 
functions will be stationary. The phenomenon of scattering is manifested as a 
distortion in stationary wave pattern, caused by presence of the scattering 
center (r → α). At large distance from the scattering center i.e. origin, the 
wave function must be chosen to represent a plane wave, uinc – 
corresponding to incident particle in positive z-axis together with radially 
outgoing wave function usc – corresponding to scattered particles. 
Thus, 
 
scinc
r
uur +=
→− α
ψ )(                                              --- (2.1) 
                
rikrikz
r
efer /),()( φθψ
α
+=
→−                                             --- (2.2) 
                
 
Where, K – is the magnitude of wave vector. This equation defines the 
scattering amplitude ),( φθf  which is the function of polar angle ),( φθ . 
 
We shall follow a time – independent quantum mechanical approach in 
which it is assumed that the incident beam has been acting for a long time so 
that the whole system has reached a stationery state. The non-relativistic time 
independent Schrödinger equation for the system of incident electron plus 
target atom is given by. 
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                   0),()( =− xrEH ψ                        --- (2.3) 
 
Where H – is he Hamiltonian of the system and E – is total energy of 
the system. The wave function Ψ(r, x) contains the coordinates of incident 
electron (r) and of the target (x). 
 
For the scattering of electron by a structure less target potential V(r), 
eq. (2.3) can be written as. 
 
         ),()(),()(
2
rikrUrikikr ψψ =+∇                 --- (2.4) 
 
Where 2r∇  – is the kinetic energy operator, ki - is the magnitude of the 
incident momentum vector and U (r) = 2V (r) – is the reduced potential. The 
solution of the eq. (2.4) denoted by )(rkiψ  satisfies the boundary condition 
given by, 
 
    )]/(exp),().([exp rrikifrikiAki ⋅+→ φθψ              --- (2.5) 
 
   Where ),( φθf  is the scattering amplitude and A is independent of r 
and angle ),( φθ . 
 
The differential cross-section 
Ωd
dσ
 – is given by, 
 
       
2
),( φθ
σ
f
kf
ki
d
d
=
Ω
                                           --- (2.6) 
 
Where, kf  – is the magnitude of momentum vector of scattered 
particle. For elastic scattering, 
 
 | fk | = | ik | or    fk    =   ik  
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So that eq. (2.6) becomes, 
 
           
2
),( φθ
σ
f
d
d
=
Ω
                                                                    --- (2.7) 
 
The total cross – section “Qt” is obtained by optical theorem is 
expressed through the relation. 
 
           )0()/4( == θpi mt IkiQ                                        --- (2.8) 
 
Where )0( =θmI  means the imaginary part of ),( φθf  for θ=0 
 
To determine dσ/dΩ and “Qt” we have to solve eq. (2.3). The exact 
solution of it is a formidable task. There are two approaches in which this 
equation is solved for any collision problem. One is differential equation 
approach, non iterative in nature and another integral equation approach 
which is iterative. In differential equation approach one has to solve infinite 
number of coupled integral – differential equations where as in integral 
equation approach summation over infinite number of terms is required. 
Various approximations have been developed to solve this equation in these 
approaches. 
 
In integral equation approach the general solution of eq. (2.3) is given 
by, (Lippman Schwinger; 1950) 
 
     Ψki (r) = Φki (r) + ∫G+ (r, r’) U (r’) Ψki (r’) dr’                              --- (2.9) 
 
Eq. (2.9) is known as Lippmann – Schwinger equation. In this equation 
Øki (r) – is a solution of the homogeneous equation and is represented the 
normalized plane wave given by 
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         Φki (r)   =   (2pi) 
-3/2 exp (iki·r)                                    --- (2.10) 
 
Similarly with kf – as scattered electron momentum, 
 
          Φkf (r)   =   (2pi) 
-3/2 exp (ikf·r)                                  --- (2.11) 
 
The Green’s function G0
+ - of free particle propagation is given by 
 
                    G0
+ (r, r’) = (-1/4pi) [exp ( ikf |r – r’| )  /  |r-r’|]              --- (2.12) 
 
In momentum space the Green’s function can be written as 
 
                   Go+ = Sm ∫ [(|q, m ><q, m|) / (km2 – q2 + iε)] dq                 --- (2.13) 
 
Where |q> and |m> are the intermediate states of the projectile and 
target respectively 
 
 km
2   =   ki2 – 2( Em – Ei ) 
 
Where, Em and Ei are the intermediate and initial target state energies. 
 
The comparison of asymptotic behavior of eq. (2.9) yields 
 
      ƒ (θ, Ø)  =  - 2pi 2 < Φkf | U | ψ
+
ki >                                        --- (2.14) 
 
2.3   BORN SERIES: - 
 
The solution of Lippmann – Schwinger eq. (2.9) for ψ+ki (r) as an infinite 
series is obtained by iteration in the following way. 
 
 Ψ0 (r)   =    Φki (r) 
 Ψ1 (r)   =   Φki (r) + ∫Go+ (r, r’) U(r’) øki (r’) dr’ 
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 Ψ2 (r)   =    Φki (r) + ∫ Go+ (r, r’) U(r’) Ψ1 (r’) dr’ 
              :                   :                :   
           Ψn (r)   =    Φki (r) + ∫ Go+ (r, r’) U(r’) Ψn-1 (r’) dr’              --- (2.15) 
 
The Born series of the scattering wave function is obtained by letting 
n→α. We see that it is a perturbation series in power of the potential it 
converges towards the exact ψ+ki of the scattering problem. 
 
We obtain the corresponding sequences known as Born series as 
given below, 
 
       ƒB1   =   - 2pi 
2 < Φkf | U | Φki>                                  --- (2.16) 
       ƒB2   =   - 2pi 
2 < Φkf | U | Ψ1>                                    --- (2.17) 
       ƒB3   =   - 2pi 
2 < Φkf | U | Ψ2>                          --- (2.18) 
                   :                          : 
       ƒBn   =   - 2pi 
2 < Φkf | U | Ψn-1>                                   --- (2.19) 
 
The quantities ƒB1, B2 -- -- -- -- ƒBn are called the first Born 
approximation, second Born approximation -- -- -- -- nth Born approximation to 
the scattering amplitude respectively. Thus exact scattering amplitude “ƒBn” is 
given by. 
 
  ƒBn   = ∑
=
α
1j
ƒBj                                      --- (2.20) 
 
Where the expression ƒBj – is given by, 
 
         ƒBj   = - 2pi 
2 < Φkf | U | Ψj – 1 >          j ≥ 1               --- (2.21) 
 
It is also expressed in, 
 
          ƒBj = (-1/4pi) ∫ dr1 … drj exp(-ikf.r1) U(r1) Go+(r1, r2) U(r2) …Go+ (rj-1,                  
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                    rj) U(rj) exp(iki.·rj)                                                               --- (2.22) 
 
It is also useful to analyses the expression of ƒBj in momentum space. 
 
     <kf | U | ki> = (2pi) 2 ∫ exp {i(ki-kf)·r} U(r) dr                           --- (2.23) 
 
The integral representation of Green’s function is given below, 
  
                G+ (r, r’) = - (2pi) -3  
0
lim
→ε  
{ }
'
'
)'('exp
22
dk
ikk
rrik
∫ −−
−
ε
                           --- (2.24) 
 
        We find that, 
 
          ƒB1   =   - 2pi 
2 < kf | U | ki>                                     --- (2.25) 
 
          ƒB2   =    ƒB1 + ƒB2                                                 --- (2.26) 
 
              ƒ  =   ∑
→
α
1j
jBf                                                                  --- (2.27)   
                                                  
The exact scattering amplitude in momentum space is given by, 
 
 
ƒBj = -2pi
2∫dk1dk2….dkj-1<kf|U|kj-1> 
εikk j +− −
2
1
2
1
 <kj-1 | U |kj-2>     
 
   
εikk j +− −222
1
<kj-2|U|kj-3| <k2|U|k1>  
εikik +− 22
1
 <k1ІU|ki >   --- (2.28)   
                                                                  
The formula given eq. (2.27) justifies the interpretation of the Green’s 
function as propagator while the quantities k1, k2 ---- kj-1 are called 
intermediate moment. 
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The Born series can be visualized as follows. 
 
 
 
      =     1Bf                  +                   2Bf                    +               3Bf         +    ----- 
                                          fig. (2.1) 
 
Looking at the diagram the Born series can be understood as multiple 
scattering series in which the projectile interacts repeatedly with the potential 
and propagates freely between two such interactions. It also becomes clear 
that the Born series will converge if the incident particle is sufficiently fast so 
that it can not interact many times which potential or if the potential is weak 
enough. 
 
2.4 FIRST BORN APPROXIMATION: - 
 
The deviation of incident free particle wave function is relatively very 
small then we can replace ψo by Φki (r). Then according to eq. (2.25) we can 
analyze more closely to the First Born Approximation is given by. 
 
                 ƒB1 = -2pi 
2 < Φkf | U | Φki>                          --- (2.29) 
 
        = - (1/4pi) ∫exp {i(ki – kf)·r} U(r) dr                       --- (2.30) 
 
Let us introduce the wave vector transfer, 
 
                      ∆ = ki – kf 
So that, 
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  ħ∆ = ħ (ki – kf) 
  ∆ - is the momentum transfer, which occurs during collision. For 
elastic scattering one has k = |ki| = |kf| and hence the magnitude of the wave 
vector ∆ - is given by, 
 
                      ∆   =   2k sin θ/2                                                   --- (2.31) 
 
where, ‘θ’ - is scattering angle, as shown in fig. (2.2) 
 
                            
                                           Fig. (2.2). 
 
 From the eq. (2.25) First Born approximation scattering amplitude is 
given by. 
 
                   ƒB1 = - (1/4pi) ∫exp (i∆· r) U(r) dr                         --- (2.32) 
  
So that the first Born scattering amplitude for a given direction (θ,Ø) is 
proportional to the Fourier transform of the potential corresponding to the 
wave vector transferred during the collision. 
 
The differential cross section in the First Born Approximation is given 
by, 
 
   (dσ /dΩ)B1 = | ƒB1|
2                                     --- (2.33) 
 
          The total First Born cross – section is now given by. 
   
                     (σB1)tot = 2pi ∫
pi
0
dθ sin θ | ƒB1 | 
2               --- (2.34) 
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The First Born Approximation does not take into account the distortion 
of the incident or scattered plane waves. The effect like absorption and 
polarization are not considered. So it is required to modify. However the First 
Born Approximation may still be valid provided the particle momentum 
(energy) is sufficient large. For low energy the potential should be very weak. 
The main attraction of the First Born Approximation is its simplicity. So it has 
covered a wide field. 
 
2.5 SECOND BORN APPROXIMATION: - 
 
Let us examine the higher term of the Born series for the scattering 
amplitude. The Second Born Approximation ƒB2 - is given by, 
 
         ƒB2   =    ƒB1    +    ƒB2 
 
Where ƒB2-is second order part of ƒB2. According eq. (2.22) the second 
Born term fB2-is given by, 
 
 
    ƒB2 = -1/4pi ∫∫dr dr’ exp {i(kf·r)} U (r) Go+ (r, r’) 
    U (r’) exp (iki ·r’)     --- (2.35) 
 
 
Eq. (2.35) can also be written in the form. 
 
     ƒB2(ki, kf) = -2pi 
2 < kf , f | U G+0 U | ki, i >              --- (2.36) 
 
 
From eq. (2.36) it becomes clear that for the fast projectiles the most 
important correction to ƒB1-is the Second Born term ƒB2. An exact evaluation of 
ƒB2 is an involved problem. Only Ermoleave and Walters (1979) have 
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succeeded in this task. The detail of their method is given by walters (1985). 
Thus it is rather impossible to calculate the scattering amplitude most 
accurately using Born Series. However the Born cross sections provide a 
frame work of more elaborate calculations and a bench mark against which 
the results of such calculation and of measurements can be compared. 
2.6 GLAUBER APPROXIMATION: - 
 
First Born approximation is to employ higher Born Approximation. 
However calculation of the Born Series to higher orders requires a 
considerable amount of work. Another promising and yet still simple way to 
improve over the first order theory is to apply Glauber approximation, because 
it take into account though partly, the effect of higher order in the potential. 
 
Glauber (1959) developed Eikonal approximation which was first 
introduced by Moliere (1947). He employed Eikonal approximation to discuss 
many – particle scattering process. This is also a high energy approximation. 
 
It is well known that when the incident particles enter the potential 
region, their de-Broglie wavelength get modified and resulting the wavelength 
variation effected on the phase of the wave as it moves in the z-direction. The 
de-Broglie wavelength of the incident particle is assumed to be short 
compared to the distance over which the potential varies appreciably, a >> 1, 
where “a”–is the range of the potential. The Eikonal wave function for the 
wave function of the projectile one is obtained as. 
 
           ΨE (r) = (2pi) 
-3/2 exp { iki· r  -  ∫
−
z
ki
i
α2
U(x,y,z’) dz’}          --- (2.37) 
 
In terms of potential V (r) = h2/2m U(r), 
 
          ΨE (r) = (2pi) 
-3/2 exp { iki·r – i/hv ∫
−
z
α
V(x,y,z’) dz’}   --- (2.38) 
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Where v = hk/m – is the magnitude of the incident velocity. Thus a 
simple modification of the phase of the incident plane wave leads to the 
Eikonal wave function. 
 
Eikonal scattering amplitude: - 
 
Using the Eikonal wave function ΨE(r) to calculate Eikonal amplitude 
ƒE, we find that 
 
           ƒE = -2pi 
2 <Φkf | U | ΨE (r) > 
 
                     ƒE = -1/4pi ∫ dr exp (i∆·r) exp {-i/2ki ∫
−
z
α
 U(x,y,z’) dz’}     --- (2.39) 
 
Where ∆ = |ki – kf| – is the momentum transferred. We shall perform 
the z’ – integration along a direction parallel to the bisector of the scattering 
angle which is perpendicular to the vector ‘∆’. This is shown in the figure (2.2). 
We adopt a cylindrical coordinate system and decompose the vector ‘r’ as, 
 
                  r = d + z nˆ  
  
Where the z-component of r lies along nˆ  and b - is “impact parameter” 
vector perpendicular to nˆ , we may write eq. (2.39) as 
 
          ƒE=-1/4pi ∫ d2b ∫
−
z
α
dzexp(i∆·b)U(b,z)exp{-i/2ki ∫
−
z
α
U(x,y,z’)dz’}   ----(2.40)                                    
                                     
The integration over the “z” – variable in eq. (2.40) is now 
straightforward. We find that Eikonal scattering amplitude is given by. 
 
       ƒE = ki/2pii ∫ d2b exp (i∆· b) [exp { ),( bkiiχ  } – 1]                --- (2.41) 
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Where the quantity, 
                     ),( bikiχ = -1/2ki ∫
−
z
α
U(b,z) dz                          --- (2.42) 
 
),( bikiχ  is known as Eikonal phase shift function. The scattering 
amplitude in the Glauber approximation is obtained as. 
 
                              ƒG = < f | ƒE | i >                                    --- (2.43) 
 
It can also be noted that Glauber approximation completely neglects 
the effect due to the distortion of the target wave function. If we expand ƒG – in 
as a series than we find that the first ƒG1 – is identical to ƒB1 – while the higher 
terms are alternatively purely imaginary or real. Unlike Born Series terms 
which are complex for n > 1. For s→s transitions the second order term ƒG2 is 
purely imaginary and Glauber amplitude completely misses the contribution 
from the polarization effects which is represented by the real part of the 
second order term. Because of the above defects Glauber approximation has 
never been able to successfully explain the differential cross – section for the 
e+ - atom scattering in the intermediate energy even for light atom. 
 
2.7 EIKONAL BORN SERIES METHOD (EBS): - 
 
Byron and Joachain (1973) introduced Eikonal Born series to remove 
some of the defects of the Glauber approximation. They made a detailed 
comparison of the term ƒBn with the corresponding terms ƒGn of the Glauber 
series with aim of obtaining a consistent expansion of the direct scattering 
amplitude in the powers of ki. 
 
The Born series for direct scattering amplitude is, 
 
               ƒBn   =  ∑
=
n
j 1
ƒBj 
 37
 
      ƒB (ki, K) = ƒB1 + ƒB2 + ƒB3 + ------------ 
 
               ƒB(ki,K) = ƒB1+[A(K)/ki+iB(K)/ki]+[C(K)/ki+iD(K)/ki]   +            --- (2.44)                                                                
 
The Glauber approximation to the scattering amplitude is, 
 
           ƒG = ƒG1 + ƒG2 + ƒG3 + ---------- 
          ƒG = fG1 + iB (K)/ki + C(K)/ki  +                                         --- (2.45) 
 
The comparison of eq. (2.44) and eq. (2.45) shows that ƒB1 = ƒG1. But 
neither Second Born amplitude ƒB2 and Glauber amplitude are correct to order 
ki-2 indeed ƒB2 lacks the real term C(K)/ki, while ƒG does not contain the real 
term. This analysis leads the Eikonal Born Series amplitude by adding term 
ƒG3 to the Second Born amplitude (ƒB1 + ƒB2). Thus EBS amplitude is given by. 
 
          ƒEBS = ƒB1 + ƒB2 + ƒG3 + -------------                                    --- (2.46) 
 
Thus in ƒEBS Glauber imaginary term ƒG2 is replaced by ƒB2 because the 
Glauber imaginary term is divergent in the forward direction, where as the 
corresponding Born term is free from this defect because of the average 
excitation energy parameter. Further the part in the Second Born takes the 
polarization effect into account, while in the Glauber amplitude it is neglected. 
The third Born term is approximated as the third Glauber term since the direct 
evaluation of ƒB3 is extremely difficult. These are the main achievements 
attained through the construction of the EBS amplitude from the Born and 
Glauber amplitudes. The application of the EBS method to the scattering 
problems makes it explicit that EBS amplitude is superior to the usual Born or 
Glauber amplitudes. 
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CHAPTER – 3 
A STUDY OF POLYATOMIC MOLECULES 
 
3.1 INTRODUCTION:- 
 
In previous chapters experimental back ground and theoretical 
approach were discussed. The present chapter is concerned with electron 
– polyatomic molecules collision. The study of electron collision with the 
polyatomic molecules is a very wide field in research. In particular, the 
collisions of electrons with polyatomic molecules such as H2O, H2S, H2Se, 
H2Te, N2O, O3, NH3, PH3, ASH3, SbH3, CHF3, CH3Cl, CH3Br, CH3F, 
CH2F2, CHCl3, CH2F2, C2H6, Ge2H6, and Si2H6 play an important role in 
several areas of investigation, mainly in atmospheric Physics and plasma 
physics, radiation biology, chemistry, astrophysics, biophysics, gaseous 
electronics etc. Many of these molecules are plasma processing gases 
and some of there are also of environmental interest for being green 
house gases, or stratospheric ozone depleting gases. Because of their 
industrial and environmental importance, the study of electron interactions 
with polyatomic molecules is very useful in the areas mentioned above. 
 
In this chapter, we present a theoretical study on electron 
scattering by polyatomic molecules in the low – energy range. The 
calculation are done for electrons collisions with polyatomic molecules 
such as H2O, H2S, H2Se, H2Te, N2O, O3 (Three atoms-polyatomic 
molecules), NH3, PH3, AsH3, SbH3 (Four atoms-polyatomic molecules), 
CHF3, CH3Cl, CH3Br, CH3I, CH3F, CHCl2, CHCl2, CH2F2 (Five atoms-
polyatomic molecules) and C2H6, Ge2H6 and Si2H6 (Eight atoms 
polyatomic molecules). The DCS and TCS of these molecules are 
calculated using point and finite dipole interaction using FBA as well as 
hard sphere dipole interaction potential using Born Eikonal series (BES) 
approximation. These results are compared with FBA point and finite 
dipole results, L.E.Machado et-al (2002), M.T.Varella et-al (1997, 1999, 
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2000, 2001) results using Schwinger variational method for static 
exchange-polarization, W.L.Morgan et-al (2001), others theoretical results 
and available experimental results. The present results are found to be in 
better in agreement with theoretical results of L.E. Machado et-al (2002), 
M.T. Varella et-al (1997, 1999, 2000, 2001), W.L. Morgan et-al (2001) and 
experimental results K. Jung et-at (1982) compared to those of Born 
approximation. 
 
3.2 FORMULATIONS:- 
 
(1) FIRST BORN APPROXIMATION (FBA):- 
 
Born approximation is essentially a high energy approximation. 
However it has been successfully applied to thermal and low energy 
electron molecule collisions. (Gerjuoy and stein, 1955; Altschur, 1957; 
Dalgarno and Moffett, 1963; Takayanagi, 1966; Maru and Desai, 1975; 
Chhaya and Desai 1979; J.Tarwadi, 1987: A.Jain, 1990; A. Lahman, 
1991, J. Gibson, 1996; F. Gianturco, 1998; K. Baluja, 1999; D. Field, 
2000, A. Foure, 2004, L.E.Machoda, 2005). The formula derived using 
FBA provides not only useful estimates of cross section in some cases 
but also a frame work for more elaborate calculations and bench mark 
against which the results of such calculations and measurements can be 
compared. 
 
One of the interesting aspects to be understood is the application 
of FBA to thermal and low energy electron molecule collisions problem. In 
order to understand this aspect, Takayanagi (1964-65), Chang (1970), A. 
Jain (1984) and F.A.Gainturco (1998) calculated partial Born cross 
sections by expanding initial and outgoing plane waves in terms of the 
partial waves. Each partial wave corresponds to a definite value of the 
orbital angular momentum. It has been found that the success of the Born 
approximation is first of all, due to the long range nature of the relevant 
interaction and secondly due to the fact that the S-wave, which is the only 
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partial wave to be distorted considerably in the low energy collision under 
consideration, does not contribute appreciably to the rotational transitions. 
Because of the very long range nature of the dipole interaction, the 
contribution from the partial waves with large orbital quantum number is 
considerable. So the expected modification in the partial cross sections 
does not give a drastic change in the total rotational cross sections.  
 
The electron point dipole potential interaction can be asymptotically 
written (in a.u.) as, 
 
           )ˆ,ˆ()( 12 srPr
D
rV
r
−=
→ α
                             ---- (3.1) 
 
Where “D” is the dipole moment of the molecules, rˆ  is the position 
vector of the scattered electron and sˆ  is internuclear axis. The well known 
formula for the DCS, TCS and the MTCS in the First Born Approximation 
(FBA) for the rotational excitation of the molecule can be written as 
follows (Takayanagi, 1966; Crawford et-al, 1967; Singh; 1970, Desai and 
Chhaya; 1979, Gainturco, 1990; J.Raiyani and V.Chhaya; 1997, 2004). 
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The DCS is in a0
2 units, where the TCS and MTCS are in pia0
2 
units. It can be seen that in the limit of the moment of inertia tending to 
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infinity, kf goes to ki, and hence eq. (3.2) diverges in forward direction and 
eq. (3.3) is infinite. (Altshuler; 1957) 
 
In order to make comparisons with such experimental values, the 
theoretical calculated cross sections are summed over final states j and 
average over initial states jo. They can be calculated using following 
formula (Itikawa; 1978). The DCS summed over the final states is given 
by the relation. 
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∑ Ω=Ω                       --- (3.5) 
 
Further the DCS averaged over the initial rotational states is given by the 
relation. 
 
           
o
o
o j
j
nj
d
d
Tg
d
d
)()()( θ
σ
θ
σ ∑ Ω=>Ω<                      --- (3.6) 
 
Where 
oj
g  is the fraction of the molecules in its jo rotational state 
and is usually specified by the temperature Tn of the molecular gas. The 
general formula for the TCS and MTCS are, 
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Where θ and ø are the polar angles specifying the direction of 
scattered electron with respect to z – axis. Substituting eq. (3.5) into eq. 
(3.7) one can find out rotationally averaged TCS and MTCS. 
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(2) FINITE DIPOLE INTERACTION POTENTIAL FBA:- 
 
The formulations describe in previous section take into account 
electron point dipole interaction. However one can very well assume the 
molecule as a finite dipole. Desai and Maru (1975), Desai and Chhaya 
(1972; 1979), J.Tarwadi (1987), J.Raiyani and V.Chhaya (1997; 2004) 
have treated molecule as finite dipole in their study of elastic scattering of 
slow electron by polar molecules. Earlier Crawford (1964) used similar 
model also for elastic scattering of slow electron by polar molecules. Here 
the finite dipole model is used to study rotational excitation of polar 
molecule. The geometrical description of it is given in fig. (3.44). The two 
charges +q and –q are supposed to be separated from each other by the 
distance 2a, the electron is at distance r1 from +q and r2 from –q and is 
moving in the electric field of these two charges. The mean distance of 
the electron from center of these two charges is r. The position of electron 
is represented using (r, θ, Ø) polar co-ordinates. 
 
One can write the interaction between these charges and the 
electron in the following from, 
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12
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Where r> and r< are the larger and the smaller of r and )ˆ,ˆ( srPn  is 
the Legendre polynomial of the order n, “a” is the parameter which 
indicates finiteness of the dipole and related to the dipole moment by the 
relation D=2aq. Taking n = 1 only one can get the expression for electron 
finite dipole interaction explicitly to a first approximation as follows. 
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The first term represents the effect of finiteness. The finiteness 
parameter will be different for different molecules. 
 
The general formula for the scattering amplitude in the FBA (in 
a.u.) for the rotational transition is given by, 
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Where ∆ =|ki-kf| and Yj0,mj0 as well as Y*j,mj are the state function 
representing rotational states of the target molecule which is considered 
as the linear rigid rotor. It must be born in mind that the molecule is in 
ground vibrational and electronic states and they remain unaltered during 
collision process. Now substituting eq. (3.11) in eq. (3.12), one gets. 
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Where the volume element dr = r2 dr sinθ dθ dØ in which θ and Ø 
are the polar angles of the electron and not the scattering angles. After 
performing integrations, one gets, 
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Where, γ – is the direction cosine defining direction of dipole axis 
with respect to z axis. Using the standard formula for the DCS, One gets 
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expression for the DCS for the transition j = jo + 1 after summing over mj 
and averaging over mjo as follows. 
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Expansion of sine and cosine terms in power series and neglecting 
higher order terms one gets. 
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It can be easily observed that the above expression tends to that of 
point dipole (P.D) as a  o. The TCS is given by 
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                                                                                                       --- (3.17) 
This expression also tends to that for point dipole as a  o. The 
correction term is very small. 
 
(3)   BORN EIKONAL SERIES METHOD (BES): - 
 
In order to take into account some what higher terms of Born 
series, one can use Eikonal approximation. Ashihara et-al (1975) 
employed Glauber formulation in Eikonal approximation for electron dipole 
collisions. They calculated cross section for strongly polar molecules. 
Although this approximation is originally a high energy approximation, it 
has been applied successfully to the low energy electron atom collisions 
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(Gerjuoy; 1971). This approach has been much more favorable in the 
case of low energy electron dipole collision since the distance encounter 
has dominated in those collision processes. 
 
In the present investigations an attempt is made to employ Born 
Eikonal Series method for the cross sectional calculations for the low 
energy electron dipole collision, Desai and Chhaya (1979), A.Mengoni et-
al (1991), Y.Alhassid et-al (1992) and J.Raiyani and V.Chhaya (1997, 
2004) employed it in the case of elastic scattering of low energy electrons 
by the polar molecules. 
 
Glauber’s approach in the Eikonal approximation to the scattering 
by a particle by a composite target system is based on the adiabatic 
approximation. In this approximation the scattering amplitude for the 
rotational excitation of the molecule is given by- 
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Where fŝ (ki→kf) is the elastic scattering amplitude for the specific 
momentum transfer ∆ = |ki – kf| and for a given molecular orientation ŝ. 
The expression for fŝ (ki→kf) is given by (Joachain and Quigg; 1974). 
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Where, ‘b’- is the impact parameter. It may be noted that in the 
above expression cylindrical co-ordinates are employed such that, 
 
           r    =    b    +   z nˆ                                                                 --- (3.20) 
 
           nˆ - is perpendicular to ∆. 
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The Eikonal phase shift function χ (b) is defined as- 
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It may also be kept in mind that atomic units are used. Now one 
can write series expansion for the following term. 
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Therefore nth - term of scattering amplitude in the series is given by- 
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If only the first term is employed, it leads to the FBA. When one 
includes all orders the Glauber approximation is regained. Moreover, with 
the more conventional choice of path integration one further recovers the 
Born Eikonal Series expansion. 
 
There have been various derivations for the specific form of the 
function - χ . Its integral has always contained certain amount of 
arbitrariness (Gerjuoy and Thomas; 1974). It has been of some 
importance to reduce the evaluation of the amplitude to the closed 
analytical form. In the present investigation following form of the point 
dipole interaction is employed. One can name it linear dipole model. 
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 47
Where, “a”- is the hard sphere parameter (cut-off parameter). 
Further one can write, 
 
          )cos(sincoscos)ˆ,(1 ssssrP φφθθθ −+=            --- (3.26) 
 
Where θs and Ǿs denote the orientation of dipole axis with respect 
to the polar axis and θ and Ǿ are the polar angles of the incident electron. 
They are not to be confused with the scattering angles. In the present 
case the axis and orientations are chosen in such a way that (θ - Ǿs) is 
always equal to pi/2 (fig. 3.45). Though this is rather a crude assumption, 
but it simplifies to a great extent the calculations of scattering amplitude 
for higher terms. In this case it can be written as follows – 
 
            
α
2 2 3 /2
a
2 D γ z d z
(b ) = -
k i ( b + z )
χ ∫
                   --- (3.27) 
 
Where, γ is the direction cosine defining direction of dipole axis 
with respect to z – axis, substituting this in eq. (3.23) and performing 
integration one gets,  
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Where Kv(z) - is a Bessel function of the imaginary argument. Now 
substitute eqs. (3.28), (3.29) and (3.30) in eq. (3.18) one by one, fE1(jomjo 
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 jmj; θ), fE2(jomjo  jmj; θ) and fE3(jomjo  jmj; θ) are secured. Hence the 
DCS for three terms in BES is given by, 
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Summing over mj and averaging over mjo one gets the DCS for the 
rotational transition j0   jo + 1. 
 
Differential Scattering cross-section (DCS):- 
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Where A= mDe/h2 
 
Therefore using the standard formula, one can calculate the 
expression for the TCS and the MTCS which will be as follows – 
 
∆
∆





+
+
= ∫
+
−
∆−
+ d
e
j
j
ki
D
Q
kfki
kfki
a
jj o
2
0
0
2
2
1,
12(3
)1(42
0
 



+−+
++
+
)12)(12)(52(175
)1)(2(6
9
32
000
000
26
6
jjj
jjj
aki
D  
[ ]
{ }1)(2
4
2exp
)12(25
)1(3
2
0
0 −+−

 +−



+
+
+ kfkia
a
akfki
j
j  
[ ]{ }


−−−
−−
− 12
4
2exp
2
kfkia
a
akfki
 
[ ][ [ ]]akfkiakfki
j
j
aki
D
−−−+−






+
+
+ 2exp2exp
)12(5
1
3
16
0
0
44
4
       --- (3.33)                                                                          
 49
          
[ ] { }
2
m o
o o 3 2
o
exp -2(ki + kf)aj +14D
Q j , j +1 = -2a (ki + kf)-1
3 (2j +1)ki kf 4a
 
 
   
           
{ }2
exp -2 ki - kf a
- -2a ki - kf - 1
4a
   
 
           
6
o o o o
2 7
o o o o
6(j +2) (j +1) j 3(j +1)16D
+ +
175 (2j +5) (2j -1) (2j +1) 25(2j +1)9a ki kf
 
 
   
           
[ ] { 3 3 2 24
exp -2 (ki + kf) a
-8 (ki +kf) a - 12 (ki +kf) a
16 a


  
           
} { 3 34
exp 2
12 ( ) 6 8
16
ki kf a
ki kf a ki kf a
a
− −  − + − − − −
 
           
}
4
2 2
5
16 D
- 12 ki - kf a - 12 ki - kf a - 6 +
3a ki kf

 
           
[ ] { }2 2o 3
o
exp -2 (ki + kf) aj +1
4 (ki + kf) a + 4(ki + kf) a+2
5(2j +1) 8a
 
  
    
           
{ }2 23
exp -2 ki - kf a
- 4 ki - kf a + 4 ki - kf a + 2
8a
   
  
           1,
2
002
)(
+
−
− jjQ
kikf
kfki
                                              --- (3.34) 
 
In the expression eq. (3.32), the integration in the first terms is 
solved using Simpson rule. As a  0, the first term of the eq. (3.32) 
reduced to that of point dipole in FBA. 
 
3.3 RESULTS AND DISCUSSION:- 
 
In this chapter, the theoretical cross section for electron collision 
with polyatomic molecules such as H2O, H2S, H2Se, H2Te, N2O, O3, NH3, 
PH3, ASH3, SbH3, CHF3, CH3CI, CH3Br, CH3I, CH3F, CH2CI2, CHCl3, 
CH2F2, C2H6, Ge2H6 and Si2H6 are studied. The differential cross sections 
(DCS) are calculated for these molecules, employing various models of 
interaction potential and using different approximation methods for 
present study.  
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In the present case, the differential scattering cross – section 
(DCS) for low energy electron impact rotational transition for polyatomic 
molecules, namely H2O, H2S, H2Se, H2Te, N2O, O3, NH3, PH3, ASH3, 
SbH3, CHF3, CH3Cl, CH3Br, CH3I, CH3F, CH2Cl2, CHCl3, CH2F2, C2H6, 
Ge2H6 and Si2H6 are calculated using Born Eikonal Series (BES) method 
for hard sphere dipole potential and FBA for point, finite dipole potential. 
The calculations are divided into two parts. 
 
(1)    The DCS are calculated for electron impact rotational excitation 
(01) in polyatomic molecules such as H2O, H2S and NH3 using FBA 
method for considering point and finite dipole interaction potential at 
varying scattering angle from 0˙ to 180˙. 
 
(2)    The DCS are calculated for electron impact rotational excitation 
(01) in polyatomic molecules such as H2O, H2S, H2Se, H2Te, N2O, O3, 
NH3, PH3, ASH3, SbH3, CHF3, CH3Cl, CH3Br, CH3I, CH3F, CH2Cl2, CHCl3, 
CH2F2, C2H6, Ge2H6 and Si2H6 using Born Eikonal Series (BES) 
approximation method by considering hard sphere dipole interaction 
potential at varying scattering angle form 0˙ to 180˙. 
 
The main interest of present work is to discuss rotational excitation 
differential scattering cross-section (DCS) for polyatomic molecules. We 
could find rotational excitation differential cross-sections using Born 
Eikonal Series approximation method (BES) and hard sphere dipole 
interaction potential model. The hard sphere parameter is taken as “a” = 
D/2, Where D-is dipole moment of respective molecules. Some of the 
calculations are also made for electron molecule collision in rotational 
excitation DCS using FBA for point and finite dipole interaction potential. 
Present results are also compared with theoretical results of L.E.Machado 
et-al (2002), M.T.Varella et-al (1997, 1999, 2000, 2001), A.P.Natalense 
et-al (2001), W.L.Morgan et-al (2001) and available experimental results. 
The DCS for each of these molecules is discussed separately below. 
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Three atoms polyatomic molecules. 
 
e – H2O Scattering:- 
 
Figure (3.1) and table (3.1) show the DCS results of the present 
calculation for electron scattering by polyatomic molecule H2O at energy 
2.0 eV, using FBA for point and finite dipole models and BES for hard 
sphere dipole potential model, the hard sphere parameter “a” is taken as 
a= D/2, where D-is dipole moment of concerned molecule. The present 
results are compared with theoretical results of M.T.Varella et-al (1997, 
1999, 2000, 2001). As shown in the figure (3.1), the DCS results for FBA 
finite dipole are lower then point dipole results. Present BES results are 
found to be decreasing at scattering angle from 5° to 90°.  Than, they 
become minimum at scattering angle θ = 95° afterward they increase 
slowly up to scattering angle 180°. The present results are in good 
agreement with those of M.T.Varella et-al (1997, 1999, 2000, 2001) 
results at the angle between 5° to 40°, but above 40° they differ 
appreciably. The results are in good agreement with those of M.T.Varella 
et-al (1997, 1999, 2000, 2001) results at lower angle but at higher angle 
the present results are slightly higher than those of M.T.Varella et-al 
(1997, 1999, 2000, 2001) results. 
 
Figure (3.2) and table (3.2) show present DCS results for e - H2O 
collision at energy 2.14 eV. The present DCS results calculated using 
FBA point, finite dipole models and BES hard sphere dipole potential are 
compared with the results of L.E. Machado et-al (2002) and experiment 
results of K.Jung et-al (1982) are also shown along with present results 
for comparison. The present results are in good agreement with those of 
L. E. Machado et-al (2002) results at the angles between 0° - 70°. Above 
70° the present results decrease, become minimum at about 95° and than 
again increase, Similarly, in this region the difference between present 
results and those of L.E.Machado et-al (2002) results also increase, 
become maximum and then decrease. However in this region present 
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results are in good agreement with the experimental results of K.Jung et-
al (1882) as compared with the results of L.E.Machado et-al (2002) 
results. At lower angle (0°- 40°),  the results of FBA point, finite dipole 
models and BES Hard sphere results are in better agreement with those 
of L.E.Machado et-al (2002) results, but above 40° they differ appreciably. 
 
Figures (3.3) and (3.4) and tables (3.3) and (3.4) show present 
DCS results for e–H2O collision at energy 4.0 and 6.0 eV. respectively. 
The present results calculated using BES hard sphere, FBA point and 
FBA finite dipole potential are compared with the results of M.T.Varella et-
al (1997, 1999, 2000-01). The theoretical results of L.E. Machado et-al 
(2002) and experiment results of K.Jung et-al (1982) are also shown in 
fig.(3.4) for the comparison purpose. At lower angle, present results are in 
good agreement with L.E.Machado et-al (2002) results. 
 
The total scattering cross – section (TCS) calculated using BES 
hard sphere dipole potential for e–H2O collision. The present results are 
shown in fig. (3.5) and table (3.5) for the comparison purpose. We also 
calculated TCS for e–H2O collision using FBA finite dipole potential. As 
shown in fig. (3.5), present BES results are lower than those of FBA finite 
results, at energy range 2.0 to 10.0 eV. It is found that present results 
decrease more sharply at energy 0.5 to 3.0 eV than at higher energies. 
They decrease slowly. Present BES results are in good agreement with 
those of FBA finite results in energy range from 0.5 to 2.0 eV. The present 
results are lower than those of FBA finite results in the energy range from 
2.0 to 10 eV. 
 
 e – H2S Scattering:- 
  
Figures (3.6) and (3.7), tables (3.6) and (3.7) show present DCS 
results calculated for e-H2S at energy 5.0 and 7.5 eV respectively, using 
FBA point, finite dipole potential and BES hard sphere dipole potential 
model. They are compared with the results of L.E.Machado et-al (2002), 
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F.Gianturco et-al (1998) and Jain Thompson et-al (1983). It is found that 
present results of FBA point and finite dipole potential do not show 
appreciable difference. At lower angle, they are over lapping. At higher 
angle, the results of FBA finite dipole potential are slightly lower than 
those of FBA point dipole potential. It is found that the present point and 
finite dipole potential FBA results from 20°to 180° are in good agreement 
with the theoretical results of F.Gainturco et-al (1998) and Jain Thompson 
et-al (1983) as compared with those of present BES  hard sphere dipole 
potential  and L.E.Machado et-al (2002). But below 20°, present FBA 
point, finite dipole potential and BES hard sphere dipole potential results 
are in better agreement with the results of F.Gianturco et-al (1998) and 
Jain and Thompson et-al (1983). In general the present DCS results for e-
H2S collision at low energy are found in good agreement with those of 
compared results.  
 
 e –H2Se and H2Te Scattering:- 
 
Present DCS results calculated for e–H2Se and H2Te collision 
using BES hard sphere dipole potential are shown in fig.s (3.8) to (3.11) 
and tables (3.8) to (3.11) at energy 5.0 and 7.5 eV. respectively. They are 
compared with the results of M.T.Varella et-al (1997, 1999, 2000, 2001), 
at energy 5.0 and 7.5 eV. respectively. It is found that up to 30° present 
BES results are in better agreement with those of M.T.Varella et-al (1997, 
1999, 2000, 2001). From 30° to 110° the EBS results are lower than those 
of M.T.Varella et-al (1997, 1999, 2000, 2001) results. After 110° the 
present EBS results are good agreement with M.T.Varella et-al (1997, 
1999, 2000, 2001). Present results are shown in good agreement with 
M.T.Varella et-al (1997, 1999, 2000, 2001) results in scattering angle the 
range 0° to 30° and 150° to180°. In magnitude of DCS, present results 
are lower than those of M.T.Varella et-al (1997, 1999, 2000, 2001) results 
up to 125° and at above 125° slightly higher. In general qualitative 
agreement is observed between the present and those of M.T.Varella et-
al (1997, 1999, 2000, 2001) results. 
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 e – N2O and O3 Scattering: - 
 
The present DCS results calculated for e-N2O collision at energy 
5.0 and 7.5 eV and e-O3 at M.T.Varella et-al (1997, 1999, 2000, 2001)  
energy 7.0 and 10.0 eV are shown in fig.s (3.12) to (3.15) and tables 
(3.12) to (3.15), using BES hard sphere dipole potential  model. The 
present results are compared with results of M.T.Varella et-al (1997, 
1999, 2000, 2001). As shown in figure, the present results are in good 
agreement with those of M.T.Varella et-al (1997, 1999, 2000, 2001) 
results. The present results are lower than those of M.T.Varella et-al 
(1997, 1999, 2000, 2001) up to 120°. Above 125° the present results are 
slightly higher than those of M.T.Varella et-al (1997, 1999, 2000, 2001).  
In general qualitative agreement is observed between the present results 
and those of M.T.Varella et-al (1997, 1999, 2000, 2001). 
 
Four atoms polyatomic  molecules. 
 
 e – NH3, PH3, ASH3, and SbH3 Scattering: - 
 
The present DCS results calculated for e-NH3 collision at energy 
10 eV, using FBA point, finite dipole potential and BES hard sphere dipole 
potential are shown in the figure (3.16) and table (3.16). Those results are 
compared with those of FBA point, finite dipole potential and L.E. 
Machado et-al (2001-02). It is found that present results of FBA finite 
dipole potential results are in good agreement with the results of FBA 
point dipole potential but that they are in disagreement with the results 
calculated by BES hard sphere dipole potential method. However present 
results of BES hard sphere dipole potential are in good agreement with 
the results of L.E.Machado et-al (2001-02). 
 
At lower angle (0°-30°), they are in better agreement with L. E. 
Machado et-al results. At higher angle (30°-120°), the present results are 
lower than those of L.E.Machado et-al (2001-02) results. At angle near 
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120°, the present results show good agreement with L.E.Machado et-al 
(2001-02) results. At angle (130°-180°), the present results are higher 
than those of L. E. Machado et-al (2001-02). The present results agree 
well with theoretical results of L.E.Machado et-al (2001-02). 
 
Similarly, the present DCS results calculated for e-PH3, e-ASH3 
and e-SbH3 collision at energy 10.0 eV, using BES hard sphere dipole 
potential model are shown in figure (3.17) to (3.19) and table (3.17) to 
(3.19). As shown in figure, the present results are found in better 
agreement with L.E.Machado et-al (2001-02) results, where static 
correlation–polarization potential is used and the Schwinger Variation 
method is employed. 
 
Five atoms polyatomic molecules 
 
 e – CHF3, CHCl3, CH2F2, CH3F, CH3Cl, CH3Br   and CH3I 
Scattering:- 
 
The present DCS results calculated for e-CHF3 collision at the 
energy 1.5, 5.0, 7.0 and 10.0 eV respectively, using BES hard sphere 
dipole potential model is shown in the figs. (3.20) to (3.23) and tables 
(3.20) to (3.23). Those results are compared with M.T.Varella et-al (1997, 
1999, 2000, 2001), W.L.Morgan et-al (2001) and available experiment 
data (M.T.Varella, phys. Rev.). It is found that the present results at lower 
angle (0°-40°), are in better agreement with M.T.Varella et-al (1997, 1999, 
2000-01), W.L.Morgan et-al (2001) and experiment data(M.T.Varella 
Phys.Rev.). At higher angle (40°-100°), the present results are lower than 
those of M.T.Varella et-al (1997, 1999, 2000, 2001) and experimental 
data, but at angle (100°-130°) present results are in excellent agreement. 
Then above angle (130°), the present results are higher than those of 
M.T.Varella et-al (1997, 1999, 2000, 2001), W.L.Morgan et-al (2001) and 
experiment data (.M.T.Varella Phys. Rev.). The present results of BES 
hard sphere dipole potential are in good agreement in with M.T.Varella et-
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al (1997, 1999, 2000-01), W.L.Morgan et-al (2001) and experiment data. 
But in general, good agreement is found with results M.T.Varella et-al 
(1997, 1999, 2000, 2001), W.L.Morgan et-al (2001) and experiment 
results. 
 
 
Similarly, the present DCS results calculated for e-CHCl3 collision 
at energy 5.0 and 8.0 eV, e-CH2F2 collision at energy 10.0 and 15.0 eV, e-
CH2Cl2 collision at energy 5.0 and 7.0 eV, e-CH3F, e-CH3Br collision at 
energy 5.0 and 7.5 eV and e-CH3I collision at energy 5.0 and 7.5 eV 
respectively, using BES hard sphere dipole potential is shown in figs. 
(3.24) to (3.37) and tables (3.24) to (3.37). The present results are found 
in good agreement with those of M.T.Varella et-al (1997, 1999, 2000, 
2001). The present DCS results are lower than those of M.T.Varella et-al 
(1997, 1999, 2000, 2001) results up to 120°-125° and above 125° the 
present results are higher than those of M.T.Varella et-al (1997, 1999, 
2000, 2001) results. 
 
Eight atoms polyatomic molecules 
 
 e –C2H6, Ge2H6 and Si2H6 collision scattering:- 
 
The present DCS results calculated for e-C2H6, Ge2H6 and Si2H6 
Scattering at energy 5.0 and 10.0 eV respectively, using BES hard sphere 
dipole potential is shown in figures (3.38) to (3.43) and tables (3.38) to 
(3.43). The hard sphere parameter “a” is taken as a = D/2, where D-is 
dipole moment of concern molecule. The present results are compared 
with results of M.T.Varella et-al (1997, 1999, 2000, 2001).  It is found that 
the present results at lower angle (0°-35°) show good agreement with 
results of M.T.Varella et-al (1997, 1999, 2000, 2001). At higher angle 
(125° above) the present results are slightly higher than those of 
M.T.Varella et-al (1997, 1999, 2000, 2001). The present results are in 
good agreement with those of M.T.Varella et-al (1997, 1999, 2000, 2001). 
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The present results are lower than those of M.T.Varella et-al (1997, 1999, 
2000, 2001) results in scattering angle (35°-120°). Our present results are 
in better agreement with the calculated data of M.T.Varella et-al (1997, 
1999, 2000, 2001). 
 
 
3.4 SUMMARY: - 
 
In this work, we have reported a theoretical study of low- energy 
electron collision by polyatomic molecules, using FBA point, finite dipole 
potential and BES hard sphere dipole potential. The rotational excitation 
DCS results are presented in comparison with some existing experimental 
(K.Jung et-al; 1982) and other theoretical results (M.T.Varella et-al; 1997, 
1999, 2001, 2002:  L.E.Machoda et-al; 2002:  W.L.Morgan et-al; 2001: 
F.Gianturco et-al; 1998: A.Jain and Thompson et-al; 1983). Our 
calculated DCS results are in general good agreement with the measured 
data (M.T.Varella et-al; 1997, 1999, 2001, 2002:  L.E.Machoda et-al; 
2002:  W.L.Morgan et-al; 2001: F.Gianturco et-al; 1998: A.Jain and 
Thompson et-al; 1983) and also agree quite well the corresponding 
experimental data (K.Jung et-al; 1982). This good agreement supports the 
description of the interaction dynamic considered in the present study and 
methods used for solving the scattering equations.  
 
(1)   In the most of the cases, the graph of the present results crosses the 
graph of the results of M.T.Varella et-al (1997, 1999, 2001, 2002) at 
angles between 110° to 130°. 
 
(2)  It is observed from the graphs that present results shows better 
agreement with the results of, L.E.Machoda et-al (2002), W.L.Morgan et-
al (2001), F.Gianturco et-al (1998), A.Jain and Thompson et-al (1983) and 
M.T.Varella et-al (1997, 1999, 2001, 2002), who used static exchange 
polarization potential in Schwinger Variation iterative method. 
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(3)   It is interesting that all the results obtained by using different method 
are in excellent agreement at angles between 110°-130°. 
 
(4)   Considering three, four, five and eight atomic molecules, the present 
results are in better agreement with the results of M.T.Varella et-al (1997, 
1999, 2001, 2002). Thus it indicates that as the number of atoms 
increases in the molecule, the results are not diverted in present method. 
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 Table:-3.1                              H2O 
(Water) 
DCS (0 → 1) for e-H2O (10
-16
 cm) 
E=2.0 eV. 
 
    Present  Present  M. T.  
Angle FBA FBA EBS Varella  
   θ Point Finite Hard sphere et-al 
5 176.603 176.52 172.354 205.3 
10 44.235 44.151 42.132 51.94 
15 19.723 19.639 18.331 23.55 
20 11.143 11.06 10.102 13.59 
25 7.173 7.089 6.334 8.979 
30 5.016 4.933 4.305 6.46 
35 3.716 3.633 3.086 4.934 
40 2.872 2.789 2.296 3.94 
45 2.294 2.211 1.75 3.25 
50 1.881 1.798 1.355 2.754 
55 1.576 1.493 1.058 2.381 
60 1.344 1.262 0.829 2.092 
65 1.164 1.082 0.649 1.859 
70 1.021 0.939 0.506 1.665 
75 0.907 0.825 0.395 1.498 
80 0.813 0.732 0.31 1.349 
85 0.736 0.655 0.249 1.212 
90 0.672 0.591 0.211 1.083 
95 0.618 0.537 0.193 0.961 
100 0.573 0.492 0.195 0.845 
105 0.534 0.453 0.215 0.736 
110 0.501 0.42 0.253 0.635 
115 0.472 0.392 0.306 0.544 
120 0.448 0.368 0.372 0.464 
125 0.427 0.347 0.449 0.397 
130 0.409 0.33 0.534 0.345 
135 0.394 0.314 0.625 0.307 
140 0.381 0.301 0.718 0.283 
145 0.369 0.29 0.809 0.271 
150 0.36 0.281 0.896 0.269 
155 0.353 0.274 0.976 0.276 
160 0.346 0.268 1.046 0.286 
165 0.342 0.263 1.102 0.299 
170 0.339 0.26 1.145 0.31 
175 0.337 0.258 1.17 0.318 
180 0.336 0.257 1.179 0.321 
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Table:-3.2                                 H2O 
(Water) 
DCS (0 → 1) for e-H2O (10
-16
 cm) 
E=2.14 eV. 
      
 
    Present Present     
Angle FBA FBA EBS  Jung et-al 
θ Point Finite Hard sphere 
L.E.Machado et-
al Experiment 
5 165.055 164.971 160.948     
10 41.342 41.259 39.311     
15 18.433 18.349 17.089   4.185 
20 10.415 10.331 9.409     
25 6.704 6.62 5.893     
30 4.688 4.605 3.999 3.25 1.784 
35 3.473 3.39 2.863     
40 2.685 2.601 2.124 2.18   
45 2.144 2.061 1.614   0.875 
50 1.758 1.675 1.244 1.23   
55 1.473 1.39 0.966     
60 1.256 1.174 0.751 0.56 0.65 
65 1.088 1.006 0.582     
70 0.955 0.873 0.449 0.49   
75 0.847 0.766 0.346   0.438 
80 0.76 0.679 0.268 0.43   
85 0.688 0.607 0.215     
90 0.628 0.547 0.183 0.4 0.365 
95 0.578 0.497 0.172     
100 0.535 0.455 0.181 0.38   
105 0.499 0.419 0.209   0.258 
110 0.468 0.388 0.255 0.36   
115 0.441 0.362 0.315     
120 0.419 0.339 0.39 0.31 0.23 
125 0.399 0.32 0.475     
130 0.382 0.303 0.569     
135 0.368 0.289 0.667     
140 0.356 0.277 0.767     
145 0.345 0.267 0.866     
150 0.337 0.258 0.96     
155 0.329 0.251 1.045     
160 0.324 0.245 1.12     
165 0.319 0.241 1.18     
170 0.316 0.238 1.225     
175 0.315 0.236 1.253     
180 0.314 0.236 1.262     
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Table:-3.3                               H2O 
(Water) 
DCS (0 →1) for e-H2O (10
-16
 cm) 
E=4.0 eV. 
 
    Present Present   
Angle FBA FBA EBS M.T. Varella  
θ Point Finite Hard sphere    et-al 
5 88.322 88.238 85.332 103.3 
10 22.123 22.039 20.649 26.66 
15 9.864 9.78 8.89 12.44 
20 5.573 5.489 4.843 7.449 
25 3.587 3.504 2.994 5.122 
30 2.509 2.426 1.997 3.845 
35 1.858 1.776 1.394 3.058 
40 1.437 1.354 0.998 2.537 
45 1.147 1.065 0.721 2.168 
50 0.941 0.859 0.516 1.893 
55 0.788 0.707 0.361 1.679 
60 0.672 0.591 0.243 1.506 
65 0.582 0.501 0.153 1.36 
70 0.511 0.43 0.09 1.23 
75 0.453 0.374 0.051 1.114 
80 0.407 0.327 0.036 1.004 
85 0.368 0.289 0.045 0.9 
90 0.336 0.257 0.079 0.799 
95 0.309 0.231 0.137 0.704 
100 0.286 0.209 0.219 0.614 
105 0.267 0.19 0.323 0.531 
110 0.25 0.174 0.449 0.459 
115 0.236 0.16 0.593 0.398 
120 0.224 0.148 0.753 0.353 
125 0.214 0.138 0.924 0.322 
130 0.205 0.129 1.103 0.309 
135 0.197 0.122 1.285 0.311 
140 0.19 0.116 1.465 0.328 
145 0.185 0.11 1.639 0.357 
150 0.18 0.106 1.801 0.394 
155 0.176 0.102 1.947 0.436 
160 0.173 0.1 2.073 0.479 
165 0.171 0.097 2.175 0.517 
170 0.169 0.096 2.25 0.547 
175 0.168 0.095 2.296 0.567 
180 0.168 0.095 2.312 0.579 
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Table:-3.4                               H2O 
(Water) 
DCS (0 →1) for e-H2O (10
-16
 cm) 
E=6.0 eV. 
 
Angle FBA FBA EBS   Jung et-al 
θ Point Finite 
Hard 
sphere 
L.E.Machado 
et-al Experiment 
5 58.886 58.802 56.453 69.36 -  
10 14.75 14.666 13.555 18.24  - 
15 6.576 6.493 5.788 8.756 4.455 
20 3.716 3.632 3.122 5.419  - 
25 2.392 2.309 1.905 3.856 -  
30 1.673 1.59 1.246 2.991 1.457 
35 1.239 1.157 0.845 2.457 -  
40 0.958 0.876 0.577 2.099 -  
45 0.765 0.684 0.387 1.846 0.758 
50 0.627 0.546 0.246 1.657  - 
55 0.525 0.445 0.141 1.508 -  
60 0.448 0.368 0.063 1.385 0.534 
65 0.388 0.309 0.011 1.277 -  
70 0.341 0.262 0.016 1.178 -  
75 0.302 0.224 0.018 1.08 0.637 
80 0.271 0.194 0.006 0.981 -  
85 0.245 0.169 0.058 0.88 -  
90 0.224 0.148 0.138 0.777 0.548 
95 0.206 0.131 0.247 0.673 -  
100 0.191 0.116 0.383 0.573   
105 0.178 0.104 0.545 0.479 0.393 
110 0.167 0.094 0.732 0.398 -  
115 0.158 0.085 0.939 0.335 -  
120 0.149 0.077 1.163 0.292 -  
125 0.142 0.071 1.398 0.274 -  
130 0.136 0.065 1.641 0.283 -  
135 0.131 0.061 1.885 0.317 -  
140 0.127 0.057 2.124 0.374 -  
145 0.123 0.054 2.352 0.45 -  
150 0.12 0.051 2.564 0.539 -  
155 0.118 0.049 2.754 0.633  - 
160 0.116 0.047 2.916 0.724 -  
165 0.114 0.046 3.048 0.805  - 
170 0.113 0.045 3.144 0.868  - 
175 0.112 0.044 3.203 0.909 - 
180 0.112 0.044 3.223 0.923 - 
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Table:-3.5                                H2O 
(Water) 
TCS & MTCS (0→1) for e-H2O (pi a0
2
) 
 
 
                                            
Energy 
 
TCS 
(BORN) 
TCS 
(BES) 
MTCS 
 (BES) 
eV. Finite Hard sphere Hard sphere 
0.5 268.26 440.64 346.26 
1 147.47 141.08 62.229 
2 80.4 61.8 9.401 
3 56.16 42.112 2.763 
4 43.53 32.77 1.131 
5 35.65 27.132 0.564 
6 30.29 23.294 0.335 
7 26.37 20.479 0.232 
8 23.39 18.32 0.18 
9 21.025 16.58 0.152 
10 19.12 15.19 0.135 
- - - - 
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 Table:-3.6                               H2S 
(Hydrogen sulphide) 
DCS (0→1) for e-H2S (10
-16
 cm) 
E=5.0 eV. 
 
  Present Present    
Angle FBA FBA BSE    
θ Point Finite 
Hard 
sphere 
M.T.Varella 
et-al 
Gianturco 
et-al 
Jain 
Thomposon 
5 19.457 19.451 - - - - 
10 4.874 4.867 1.2603 1.554 5.15 - 
15 2.173 2.167 0.8840 1.136 - - 
20 1.228 1.221 0.7003 0.942 1.097 - 
25 0.79 0.784 0.5687 0.8065  - 
30 0.553 0.546 0.4618 0.6933 0.496 - 
35 0.409 0.403 0.3715 0.5937 - - 
40 0.316 0.31 0.2946 0.5057 - 0.39 
45 0.253 0.247 0.2012 0.4296 - - 
50 0.207 0.201 0.1799 0.3657 - - 
55 0.174 0.167 0.1392 0.3134 - - 
60 0.148 0.142 0.1072 0.2708 - - 
65 0.128 0.122 0.0825 0.2364 - - 
70 0.113 0.106 0.0630 0.2079 - - 
75 0.1 0.094 0.0483 0.1835  - 
80 0.09 0.083 0.0372 0.1619 - 0.102 
85 0.081 0.075 0.0292 0.1426 - - 
90 0.074 0.068 0.0249 0.1256 0.105 - 
95 0.068 0.062 0.0228 0.1112 - - 
100 0.063 0.057 0.0230 0.1 - - 
105 0.059 0.053 0.0270 0.0927 - - 
110 0.055 0.049 0.0357 0.0897 - - 
115 0.052 0.046 0.0515 0.0916 - - 
120 0.049 0.043 0.0792 0.0988 - - 
125 0.047 0.041 0.1004 0.1118 - - 
130 0.045 0.039 0.1546 0.131 - - 
135 0.043 0.037 0.2109 0.1567 - - 
140 0.042 0.036 0.2779 0.1887 - - 
145 0.041 0.035 0.4100 0.262 - - 
150 0.04 0.034 0.4347 0.268 - 0.065 
155 0.039 0.033 0.5147 0.3114 - - 
160 0.038 0.032 0.5909 0.3534 - - 
165 0.038 0.032 0.6542 0.3906 - - 
170 0.037 0.031 0.7052 0.4203 - - 
175 0.037 0.031 0.7387 0.4399 - - 
180 0.037 0.031 0.7492 0.4458 - - 
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Table:-3.7                               H2S 
(Hydrogen sulphide) 
DCS (0→1) for e-H2S (10
-16
 cm) 
E=7.5 eV. 
 
Angle FBA FBA EBS    
θ Point Finite 
Hard 
sphere 
M.T.Varella 
et-al 
Gianturco 
et-al 
Jain 
Thomposon 
5 12.972 12.966 - - - - 
10 3.249 3.243 1.332 1.643 - 3.221 
15 1.449 1.442 1.021 1.313 - - 
20 0.819 0.812 0.831 1.119 0.892 0.952 
25 0.527 0.521 0.673 0.955 - - 
30 0.368 0.362 0.535 0.803 - 0.12 
35 0.273 0.267 0.414 0.663 - - 
40 0.211 0.205 0.312 0.535 0.28 - 
45 0.169 0.162 0.228 0.425 - - 
50 0.138 0.132 0.163 0.332 - - 
55 0.116 0.11 0.114 0.258 - - 
60 0.099 0.093 0.080 0.202 - 0.038 
65 0.085 0.079 0.056 0.160 - - 
70 0.075 0.069 0.039 0.131 - - 
75 0.067 0.06 0.029 0.111 - - 
80 0.06 0.054 0.022 0.098 0.075 - 
85 0.054 0.048 0.018 0.089 - - 
90 0.049 0.043 0.016 0.082 - 0.105 
95 0.045 0.039 0.015 0.076 - - 
100 0.042 0.036 0.016 0.070 - - 
105 0.039 0.033 0.019 0.067 - - 
110 0.037 0.031 0.026 0.065 - - 
115 0.035 0.029 0.037 0.066 - - 
120 0.033 0.027 0.058 0.073 - - 
125 0.031 0.025 0.084 0.085 - - 
130 0.03 0.024 0.125 0.106 - - 
135 0.029 0.023 0.181 0.135 - - 
140 0.028 0.022 0.253 0.172 - - 
145 0.027 0.021 0.338 0.216 - - 
150 0.026 0.021 0.431 0.265 0.04 - 
155 0.026 0.02 0.524 0.317 - - 
160 0.025 0.02 0.613 0.366 - - 
165 0.025 0.019 0.687 0.410 - - 
170 0.025 0.019 0.747 0.445 - - 
175 0.025 0.019 0.785 0.467 - - 
180 0.025 0.019 0.799 0.475  - 
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 Table:- 3.8  & 3.9    
H2Se 
(Hydrogen selenide) 
DCS (0→1) for e-H2Se (10
-16
 cm) 
E=5.0 eV                     E=7.5 eV. 
Angle EBS  EBS  
θ Hard sphere 
M.T.Varella 
et-al 
Hard 
sphere 
Marcio T et-
al 
10 11.149 13.747 14.896 18.368 
20 8.252 11.1 10.657 14.334 
30 5.614 7.962 6.453 9.687 
40 3.071 5.271 3.436 5.897 
50 1.687 3.428 1.698 3.452 
60 0.957 2.417 0.850 2.146 
70 0.609 2.009 0.478 1.577 
80 0.425 1.851 0.310 1.353 
90 0.322 1.621 0.233 1.175 
100 0.294 1.278 0.229 0.996 
110 0.435 1.092 0.402 1.011 
120 1.057 1.319 1.076 1.343 
130 2.249 1.905 2.165 1.834 
140 3.833 2.603 3.382 2.297 
150 5.341 3.293 4.598 2.835 
160 6.685 3.998 6.098 3.647 
170 7.756 4.623 7.619 4.541 
180 8.211 4.886 8.314 4.947 
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Table:-3.10 & 3.11                H2Te 
(Hydrogen Teluride) 
DCS (0→1) for e-H2Te (10
-16
 cm) 
E=5.0 eV.                     E=7.5 eV 
 
Angle EBS  EBS  
θ Hard sphere 
M.T.Varella 
et-al 
Hard 
sphere 
M.T.Varella 
et-al 
10 17.704 21.83 19.261 23.75 
20 13.011 17.5 14.178 19.07 
30 8.287 12.44 8.900 13.36 
40 4.751 8.154 4.833 8.294 
50 2.516 5.114 2.286 4.646 
60 1.241 3.134 0.961 2.427 
70 0.588 1.94 0.398 1.315 
80 0.307 1.336 0.215 0.939 
90 0.221 1.115 0.186 0.94 
100 0.249 1.079 0.237 1.03 
110 0.451 1.132 0.424 1.064 
120 1.024 1.277 0.846 1.056 
130 1.278 1.594 1.348 1.142 
140 3.405 2.312 2.241 1.522 
150 6.043 3.726 3.811 2.35 
160 9.683 5.791 5.916 3.538 
170 13.053 7.78 7.770 4.647 
180 14.482 8.617 8.583 5.107 
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Table:-3.12 & 3.13                N2O 
(Nitrogen Oxide) 
DCS (0→1) for e-N2O (10
-16
 cm) 
E=5.0 eV.                   E=7.5 eV 
 
Angle EBS  EBS  
θ Hard sphere 
M.T.Varella 
et-al 
Hard 
sphere 
M.T.Varella 
et-al 
10 5.612 6.92 4.071 5.02 
20 4.342 5.84 3.189 4.29 
30 2.984 4.48 2.231 3.35 
40 1.893 3.25 1.427 2.45 
50 1.156 2.35 0.875 1.78 
60 0.701 1.77 0.534 1.35 
70 0.424 1.4 0.333 1.1 
80 0.252 1.1 0.211 0.92 
90 0.168 0.85 0.147 0.74 
100 0.147 0.64 0.133 0.58 
110 0.191 0.48 0.179 0.45 
120 0.320 0.4 0.296 0.37 
130 0.448 0.38 0.425 0.36 
140 0.692 0.47 0.633 0.43 
150 1.021 0.63 0.924 0.57 
160 1.404 0.84 1.237 0.74 
170 1.711 1.02 1.476 0.88 
180 1.831 1.09 1.579 0.94 
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Table:-3.14 & 3.15            
 O3 
(Ozone) 
DCS (0→1) for e-O3 (10
-16
 cm) 
E=7.0 eV.                       E=10.0 eV. 
   
Angle BES  BES  
θ Hard sphere 
M.T.Varella 
et-al 
Hard 
sphere 
M.T.Varella 
et-al 
10 5.141 6.34 5.701 7.03 
20 3.204 4.31 3.791 5.1 
30 2.265 3.4 2.558 3.84 
40 1.526 2.62 1.585 2.72 
50 0.954 1.94 0.910 1.85 
60 0.562 1.42 0.495 1.25 
70 0.318 1.05 0.276 0.91 
80 0.183 0.8 0.167 0.73 
90 0.131 0.66 0.129 0.65 
100 0.145 0.63 0.145 0.63 
110 0.267 0.67 0.255 0.64 
120 0.593 0.74 0.529 0.66 
130 0.909 0.77 0.802 0.68 
140 1.148 0.78 1.089 0.74 
150 1.281 0.79 1.362 0.84 
160 1.354 0.81 1.605 0.96 
170 1.426 0.85 1.795 1.07 
     180 1.462 0.87 1.865 1.11 
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Table:-3.16                             NH3 
(Amonia) 
DCS (0 →1) for e-NH3 (a0
2
) 
E=10.0 eV. 
 
Angle FBA FBA EBS  
θ Point Finite Hard sphere 
L.E.Machado 
et-al 
5 78.227 78.22 77.682 92.52 
10 19.594 19.587 15.247 18.8 
15 8.736 8.729 4.558 5.858 
20 4.936 4.929 1.460 1.965 
25 3.177 3.17 0.447 0.635 
30 2.222 2.215 0.137 0.207 
35 1.646 1.639 0.062 0.1 
40 1.272 1.265 0.065 0.113 
45 1.016 1.009 0.075 0.141 
50 0.833 0.826 0.102 0.208 
55 0.698 0.691 0.132 0.298 
60 0.595 0.588 0.155 0.393 
65 0.516 0.508 0.162 0.466 
70 0.452 0.445 0.148 0.491 
75 0.402 0.394 0.121 0.459 
80 0.36 0.353 0.088 0.385 
85 0.326 0.319 0.062 0.304 
90 0.298 0.291 0.051 0.258 
95 0.274 0.267 0.056 0.276 
100 0.254 0.247 0.083 0.362 
105 0.236 0.229 0.144 0.493 
110 0.222 0.215 0.249 0.627 
115 0.209 0.202 0.404 0.719 
120 0.198 0.191 0.593 0.74 
125 0.189 0.182 0.675 0.684 
130 0.181 0.174 0.672 0.57 
135 0.174 0.167 0.580 0.431 
140 0.169 0.161 0.450 0.306 
145 0.164 0.157 0.341 0.218 
150 0.16 0.152 0.285 0.176 
155 0.156 0.149 0.287 0.174 
160 0.153 0.146 0.327 0.196 
165 0.151 0.144 0.375 0.224 
170 0.15 0.143 0.416 0.248 
175 0.149 0.142 0.439 0.262 
180 0.149 0.142 0.448 0.267 
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Table:-3.17                             PH3 
(Phosphine) 
DCS (0→1) for e-PH3 (a0
2
) 
E=10.0 eV. 
 
Angle EBS  
θ Hard sphere L.E.Machado et-al 
5 15.272 18.19 
10 2.968 3.66 
15 0.885 1.138 
20 0.306 0.412 
25 0.136 0.194 
30 0.097 0.147 
35 0.091 0.146 
40 0.082 0.142 
45 0.065 0.122 
50 0.043 0.088 
55 0.024 0.054 
60 0.012 0.032 
65 0.011 0.033 
70 0.016 0.056 
75 0.026 0.099 
80 0.034 0.15 
85 0.040 0.199 
90 0.046 0.234 
95 0.051 0.25 
100 0.056 0.243 
105 0.062 0.214 
110 0.067 0.17 
115 0.065 0.117 
120 0.053 0.067 
125 0.028 0.029 
130 0.016 0.014 
135 0.044 0.033 
140 0.136 0.093 
145 0.305 0.195 
150 0.548 0.338 
155 0.842 0.51 
160 1.165 0.697 
165 1.467 0.876 
170 1.721 1.026 
175 1.889 1.125 
180 1.947 1.159 
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Table:-3.18                            AsH3 
(Arsine) 
DCS (0→1) for e-AsH3 (a0
2
) 
E=10.0 eV. 
  
Angle EBS  
θ Hard sphere L.E.Machado et-al 
5 2.020 2.406 
10 0.489 0.604 
15 0.285 0.367 
20 0.270 0.364 
25 0.288 0.409 
30 0.293 0.441 
35 0.271 0.434 
40 0.224 0.385 
45 0.162 0.302 
50 0.100 0.204 
55 0.051 0.116 
60 0.022 0.057 
65 0.014 0.042 
70 0.021 0.072 
75 0.037 0.141 
80 0.052 0.23 
85 0.065 0.32 
90 0.077 0.389 
95 0.087 0.423 
100 0.095 0.415 
105 0.106 0.366 
110 0.113 0.286 
115 0.107 0.191 
120 0.080 0.1 
125 0.030 0.031 
130 0.001 0.001 
135 0.029 0.022 
140 0.147 0.1 
145 0.370 0.237 
150 0.686 0.423 
155 1.062 0.643 
160 1.466 0.877 
165 1.839 1.098 
170 2.145 1.279 
175 2.347 1.398 
180 2.420 1.44 
 
 73
Table:-3.19                          SbH3 
                                           (stibine) 
                             DCS (0→1) for e-SbH3 (a0
2
) 
                                            E=10.0 eV 
                                       
Angle EBS  
θ Hard sphere L.E.Machado et-al 
5 1.937 2.307 
10 0.495 0.611 
15 0.407 0.523 
20 0.506 0.681 
25 0.610 0.866 
30 0.658 0.989 
35 0.632 1.01 
40 0.539 0.926 
45 0.407 0.758 
50 0.269 0.547 
55 0.152 0.342 
60 0.072 0.182 
65 0.032 0.093 
70 0.024 0.082 
75 0.035 0.134 
80 0.051 0.224 
85 0.065 0.321 
90 0.078 0.396 
95 0.088 0.432 
100 0.097 0.421 
105 0.107 0.369 
110 0.115 0.289 
115 0.111 0.198 
120 0.091 0.114 
125 0.051 0.052 
130 0.029 0.025 
135 0.055 0.041 
140 0.154 0.105 
145 0.341 0.218 
150 0.606 0.374 
155 0.930 0.563 
160 1.282 0.767 
165 1.614 0.964 
170 1.890 1.127 
175 2.075 1.236 
180 2.141 1.274 
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Table:-3.20                            CHF3 
(Trifluromethane) 
DCS (0 →1) for e-CHF3 (10
-16
 cm
2
) 
E=1.5 eV. 
 
Angle EBS    
θ Hard sphere 
M.T.Varella 
et-al 
W Lowell 
Morgan 
Exp. 
Ref. 
20 12.973 17.45 8.96 9.75 
30 4.696 7.05 3.45 6.05 
40 2.575 4.42 2.55 4.25 
50 1.486 3.02 2.37 3.86 
60 0.832 2.1 2.86 2.6 
70 0.561 1.85 3.15 2.25 
80 0.381 1.66 2.9 1.83 
90 0.310 1.56 2.3 1.8 
100 0.339 1.47 1.86 1.36 
110 0.550 1.38 1.42 1.22 
120 1.074 1.34 1.45 1.11 
130 1.605 1.36 1.37 0.95 
140 2.047 1.39 1.01 - 
150 2.287 1.41 0.95 - 
160 2.374 1.42 0.98 - 
170 2.432 1.45 1.13 - 
    180 2.504 1.49 1.12 - 
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Table:-3.21                            CHF3 
(Trifluromethane) 
DCS (0 →1) for e-CHF3 (10
-16
 cm
2
) 
E=5.0 eV. 
 
Angle EBS M.T.Varella W.L.Morgan 
θ 
Hard 
sphere et-al Exp.Ref et-al 
10 5.458 6.73 --------- ---------- 
20 4.460 6 6.05 5.03 
30 3.357 5.04 4.10 3.56 
40 2.348 4.03 3.45 2.95 
50 1.545 3.14 2.64 2.52 
60 0.970 2.45 2.14 2.14 
70 0.597 1.97 1.56 1.86 
80 0.388 1.69 1.20 1.46 
90 0.300 1.51 0.82 0.89 
100 0.316 1.37 0.68 0.80 
110 0.486 1.22 0.51 0.76 
120 0.874 1.09 0.48 0.76 
130 1.227 1.04 0.65 0.81 
140 1.620 1.1 - 0.89 
150 2.124 1.31 - 0.95 
160 2.759 1.65 - 1.01 
170 3.305 1.97 - 1.09 
180 3.529 2.1 - 1.18 
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Table:-3.22                           CHF3 
(Trifluromethane) 
DCS (0 →1) for e-CHF3 (10
-16
 cm
2
) 
E=1.5 eV. 
                       
Angle EBS M.T.Varella 
θ Hard sphere et-al 
10 6.293 7.76 
20 4.936 6.64 
30 3.464 5.2 
40 2.226 3.82 
50 1.328 2.7 
60 0.772 1.95 
70 0.461 1.52 
80 0.301 1.31 
90 0.236 1.19 
100 0.251 1.09 
110 0.402 1.01 
120 0.801 1.00 
130 1.263 1.07 
140 1.840 1.25 
150 2.481 1.53 
160 3.160 1.89 
170 3.708 2.21 
180 3.932 2.34 
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Table:-3.23                           CHF3 
(Trifluromethane) 
DCS (0 →1) for e-CHF3 (10
-16
 cm
2
) 
E=10.0 eV. 
Angle EBS    
θ Hard sphere 
M.T.Varela 
et-al 
W.L.Morgan 
et-al 
Exp. 
Ref. 
10 7.477 9.22   
20 5.330 7.17 7.79 7.84 
30 3.224 4.84 4.68 4.63 
40 1.754 3.01 2.92 3.3 
50 0.939 1.91 1.85 2.21 
60 0.546 1.38 1.06 1.5 
70 0.354 1.17 0.82 0.88 
80 0.250 1.09 0.69 0.68 
90 0.206 1.04 0.58 0.67 
100 0.228 0.99 0.57 0.74 
110 0.386 0.97 0.68 0.76 
120 0.809 1.01 0.84 0.8 
130 1.345 1.14 1.33 0.84 
140 2.017 1.37 1.85 - 
150 2.789 1.72 2.86 - 
160 3.612 2.16 3.01 - 
170 4.295 2.56 3.16 - 
180 4.588 2.73 3.25 - 
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Table:-3.24 & 3.25   
CHCl3 
(Trichloromethane) 
DCS (0→1) for e-CHCl3 (10
-16
 cm
2
) 
E=5.0 eV.                    E=8.0 eV. 
Angle EBS M.T.Varella EBS M.T.Varella 
θ 
Hard 
sphere  et-al 
Hard 
sphere et-al 
10 19.878 24.51 17.534 21.62 
20 14.052 18.9 11.546 15.53 
30 8.181 12.28 6.055 9.09 
40 4.020 6.9 2.645 4.54 
50 1.850 3.76 1.151 2.34 
60 1.022 2.58 0.729 1.84 
70 0.749 2.47 0.634 2.09 
80 0.599 2.61 0.535 2.33 
90 0.520 2.62 0.441 2.22 
100 0.579 2.51 0.438 1.9 
110 0.948 2.38 0.653 1.64 
120 1.820 2.27 1.299 1.62 
130 2.644 2.24 2.125 1.8 
140 3.622 2.46 3.078 2.09 
150 5.044 3.11 4.087 2.52 
160 6.889 4.12 5.267 3.15 
170 8.540 5.09 6.342 3.78 
180 9.226 5.49 6.806 4.05 
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Table:-3.26 & 3.27              
CH2F2 
(Difluromethane) 
DCS (0 →1) for e- CH2F2 (10
-16
 cm
2
) 
E=10.0 eV.                     E=15.0 eV 
 
Angle EBS M.T.Varella EBS M.T.Varella 
θ 
Hard 
sphere et-al 
Hard 
sphere et-al 
10 6.025 7.43 8.556 10.55 
20 4.379 5.89 6.029 8.11 
30 2.751 4.13 3.510 5.27 
40 1.585 2.72 1.730 2.97 
50 0.895 1.82 0.782 1.59 
60 0.519 1.31 0.388 0.98 
70 0.330 1.09 0.251 0.83 
80 0.243 1.06 0.202 0.88 
90 0.220 1.11 0.178 0.9 
100 0.267 1.16 0.203 0.88 
110 0.462 1.16 0.330 0.83 
120 0.906 1.13 0.625 0.78 
130 1.310 1.11 0.897 0.76 
140 1.649 1.12 1.163 0.79 
150 1.962 1.21 1.443 0.89 
160 2.290 1.37 1.722 1.03 
170 2.583 1.54 1.963 1.17 
180 2.705 1.61 2.100 1.25 
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Table:-3.28 & 3.29 
CH2Cl2 
(Dichloromethane) 
DCS (0 →1) for e- CH2Cl2 (10
-16
 cm
2
) 
E=5.0 eV.                       E=7.0 eV. 
 
 
Angle EBS M.T.Varella EBS M.T.Varella 
θ 
Hard 
sphere et-al 
Hard 
sphere et-al 
10 15.790 19.47 13.309 16.41 
20 10.617 14.28 9.405 12.65 
30 5.922 8.89 5.602 8.41 
40 3.129 5.37 3.024 5.19 
50 1.929 3.92 1.678 3.41 
60 1.378 3.48 1.030 2.6 
70 0.934 3.08 0.655 2.16 
80 0.581 2.53 0.411 1.79 
90 0.409 2.06 0.292 1.47 
100 0.429 1.86 0.302 1.31 
110 0.757 1.9 0.522 1.31 
120 1.643 2.05 1.122 1.4 
130 2.668 2.26 1.759 1.49 
140 3.696 2.51 2.356 1.6 
150 4.590 2.83 2.903 1.79 
160 5.351 3.2 3.545 2.12 
170 5.922 3.53 4.127 2.46 
180 6.168 3.67 4.369 2.6 
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Table:-3.30 & 3.31            
CH3F 
(Methylfloride) 
DCS (0 →1) for e- CH3F (10
-16
 cm
2
) 
E=5.0 eV.                    E=7.0 eV. 
Angle EBS M.T.Varella EBS M.T.Varella 
θ 
Hard 
sphere et-al 
Hard 
sphere et-al 
10 4.720 5.82 5.085 6.27 
20 3.881 5.22 4.081 5.49 
30 2.911 4.37 2.924 4.39 
40 1.998 3.43 1.870 3.21 
50 1.259 2.56 1.072 2.18 
60 0.744 1.88 0.578 1.46 
70 0.430 1.42 0.327 1.08 
80 0.268 1.17 0.225 0.98 
90 0.208 1.05 0.202 1.02 
100 0.228 0.99 0.251 1.09 
110 0.378 0.95 0.450 1.13 
120 0.745 0.93 0.922 1.15 
130 1.192 1.01 1.463 1.24 
140 1.870 1.27 2.150 1.46 
150 2.789 1.72 2.984 1.84 
160 3.812 2.28 3.829 2.29 
170 4.597 2.74 4.479 2.67 
180 4.907 2.92 4.722 2.81 
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Table:-3.32 & 3.33              
CH3Cl 
(Mythylchloride) 
DCS (0 →1) for e- CH3Cl (10
-16
 cm
2
) 
E=5.0 eV.                E=7.0 eV. 
 
 
Angle EBS M.T.Varella EBS M.T.Varella 
θ 
Hard 
sphere et-al 
Hard 
sphere et-al 
10 4.055 5 8.953 11.04 
20 3.405 4.58 6.676 8.98 
30 2.644 3.97 4.290 6.44 
40 1.893 3.25 2.447 4.2 
50 1.245 2.53 1.304 2.65 
60 0.760 1.92 0.705 1.78 
70 0.445 1.47 0.415 1.37 
80 0.278 1.21 0.275 1.2 
90 0.218 1.1 0.232 1.17 
100 0.249 1.08 0.279 1.21 
110 0.434 1.09 0.514 1.29 
120 0.882 1.1 1.122 1.4 
130 1.334 1.13 1.818 1.54 
140 1.752 1.19 2.592 1.76 
150 2.124 1.31 3.406 2.1 
160 2.458 1.47 4.180 2.5 
170 2.684 1.6 4.748 2.83 
180 2.773 1.65 4.974 2.96 
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Table:-3.34 & 3.35              
                                             CH3Br 
                                     (Mythylbromide) 
                      DCS (0→1) for e- CH3Br (10
-16
 cm
2
) 
                          E=5.0 eV.                   E=7.0 eV. 
 
 
Angle EBS  EBS  
θ 
Hard 
sphere 
M.T.Varella 
et-al 
Hard 
sphere 
M.T.Varella  
et-al 
10 6.788 8.37 11.816 14.57 
20 5.375 7.23 8.617 11.59 
30 3.850 5.78 5.363 8.05 
40 2.575 4.42 2.954 5.07 
50 1.648 3.35 1.540 3.13 
60 1.022 2.58 0.820 2.07 
70 0.618 2.04 0.455 1.5 
80 0.383 1.67 0.271 1.18 
90 0.288 1.45 0.202 1.02 
100 0.316 1.37 0.230 1 
110 0.546 1.37 0.434 1.09 
120 1.122 1.4 1.002 1.25 
130 1.711 1.45 1.770 1.5 
140 2.268 1.54 2.783 1.89 
150 2.773 1.71 3.974 2.45 
160 3.227 1.93 5.183 3.1 
170 3.573 2.13 6.107 3.64 
180 3.731 2.22 6.470 3.85 
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Table:-3.36 & 3.37              
                                              CH3I 
                                      (Mythyliodide) 
                      DCS (0→1) for e- CH3I (10
-16
 cm
2
) 
                           E=5.0 eV.                   E=7.5 eV. 
 
Angle EBS  EBS  
θ 
Hard 
sphere 
M.T.Varella 
et-al 
Hard 
sphere 
M.T.Varella  
et-al 
10 10.040 12.38 19.026 23.46 
20 7.806 10.5 13.204 17.76 
30 5.456 8.19 7.521 11.29 
40 3.531 6.06 3.700 6.35 
50 2.150 4.37 1.791 3.64 
60 1.236 3.12 0.982 2.48 
70 0.682 2.25 0.567 1.87 
80 0.388 1.69 0.310 1.35 
90 0.276 1.39 0.192 0.97 
100 0.290 1.26 0.205 0.89 
110 0.502 1.26 0.438 1.1 
120 1.106 1.38 1.154 1.44 
130 1.936 1.64 2.195 1.86 
140 3.078 2.09 3.564 2.42 
150 4.412 2.72 5.239 3.23 
160 5.735 3.43 7.023 4.2 
170 6.728 4.01 8.456 5.04 
180 7.126 4.24 9.025 5.37 
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Table:-3.38 & 3.39              
                                             C2H6 
                                         (Ethane) 
                      DCS (0 →1) for e- C2H6 (10
-16
 cm
2
) 
                               E=5.0 eV.                   E=10.0 eV. 
Angle EBS  EBS  
θ 
Hard 
sphere 
M.T.Varella 
et--al 
Hard 
sphere 
M.T.Varella 
et-al  
10 4.006 4.94 12.814 15.8 
20 3.457 4.65 8.788 11.82 
30 2.798 4.2 4.943 7.42 
40 2.115 3.63 2.441 4.19 
50 1.461 2.97 1.225 2.49 
60 0.895 2.26 0.689 1.74 
70 0.485 1.6 0.385 1.27 
80 0.243 1.06 0.206 0.9 
90 0.145 0.73 0.151 0.76 
100 0.140 0.61 0.219 0.95 
110 0.259 0.65 0.514 1.29 
120 0.617 0.77 1.194 1.49 
130 1.086 0.92 1.818 1.54 
140 1.546 1.05 2.474 1.68 
150 1.881 1.16 3.633 2.24 
160 2.107 1.26 5.351 3.2 
170 2.231 1.33 6.979 4.16 
180 2.268 1.35 7.663 4.56 
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Table:-3.40 & 3.41              
                                             Ge2H6                               
                      DCS (0→1) for e- Ge2H6 (10
-16
 cm
2
) 
                             E=5.0 eV.                   E=10.eV. 
Angle EBS  EBS  
θ 
Hard 
sphere 
M.T.Varella 
et-al 
Hard 
sphere 
M.T.Varella 
et-al 
10 30.105 37.12 44.509 54.88 
20 20.728 27.88 26.104 35.11 
30 11.472 17.22 11.005 16.52 
40 5.198 8.92 3.706 6.36 
50 2.185 4.44 1.638 3.33 
60 1.180 2.98 1.137 2.87 
70 0.873 2.88 0.743 2.45 
80 0.666 2.9 0.459 2 
90 0.530 2.67 0.363 1.83 
100 0.535 2.32 0.422 1.83 
110 0.833 2.09 0.709 1.78 
120 1.659 2.07 1.347 1.68 
130 2.691 2.28 1.877 1.59 
140 4.153 2.82 2.223 1.51 
150 6.082 3.75 2.433 1.5 
160 8.294 4.96 2.809 1.68 
170 10.117 6.03 3.322 1.98 
180 10.857 6.46 3.579 2.13 
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Table:-3.42 & 3.43                      
                                           Si2H6                                        
                      DCS (0→1) for e- Si2H6 (10
-16
 cm
2
) 
                         E=5.0 eV.                           E=10.0 eV.                    
Angle EBS  EBS  
θ Hard sphere 
M.T.Varella 
et-al Hard sphere 
M.T.Varella 
        et-al 
10 30.648 37.79 43.730 53.92 
20 21.457 28.86 26.104 35.11 
30 12.158 18.25 11.252 16.89 
40 5.553 9.53 3.706 6.36 
50 2.150 4.37 1.446 2.94 
60 0.935 2.36 0.998 2.52 
70 0.634 2.09 0.719 2.37 
80 0.524 2.28 0.468 2.04 
90 0.468 2.36 0.365 1.84 
100 0.523 2.27 0.408 1.77 
110 0.860 2.16 0.673 1.69 
120 1.756 2.19 1.259 1.57 
130 2.939 2.49 1.723 1.46 
140 4.712 3.2 2.091 1.42 
150 7.039 4.34 2.611 1.61 
160 9.565 5.72 3.544 2.12 
170 11.543 6.88 4.597 2.74 
180 12.319 7.33 5.092 3.03 
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CHAPTER – 4 
A STUDY OF POLAR MOLECULES IN PLASMA 
MEDIUM 
 
4.1 INTRODUCTION:- 
 
In Physics and Chemistry, plasma is typically an ionized gas and is 
usually considered to be a distinct phase of matter. “Ionized” in this case 
means that at least one of electron has been dissociated from a proportion of 
the atoms or molecules. The free electric charges make the plasma 
electrically conductive, so that it responds strongly to electro-magnetic field. 
This fourth state of matter was first identified by Sir William Crooks in 1879. 
 
More specifically plasma is an electrically conductive collection of 
charged particles that responds collectively to electromagnetic forces. Plasma 
typically takes the form of neutral gas like cloud or charged ion beams, but 
may also include dust and grain called dusty plasma. They are typically 
formed by heating and ionizing a gas, stripping electrons away from atoms, 
thereby enabling the positive and negative charges to move freely, 
 
Common forms of plasma: -  
         
(1)     Artificially produced plasma:- 
 
           • That found in plasma displays and TVs.  
           • Inside fluorescent lamps (low energy lighting), neon  
             signs.                   
           • Rocket exhaust.  
           • The area in front of a spacecraft’s heat shield during  
              re-entry into the atmosphere. 
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           • Fusion energy research.  
           • The electric arc in an arc lamp or an arc welder.  
           • Plasma ball (sometimes called a plasma sphere or  
             plasma    globe). 
           • Plasma used to etch dielectric layers in the production of                                  
             integrated circuits. 
 
(2)    Terrestrial plasmas 
 
          •Flames. (ie. fire)  
          •Lightning.  
          •The ionosphere.  
          •The polar aurora.  
 
(3)      Space and astrophysical plasmas 
 
          •The Sun and other stars. 
          •The solar wind.  
          •The interplanetary medium.  
          •The interstellar medium.   
          •The Intergalactic medium (the space between     
            galaxies) 
           •The Io-Jupiter flux-tube.  
 
The investigation reported in this chapter deals with the study of polar 
molecules in plasma medium. In present study, Results are compared with 
S.Mohanan et-al (1990). In the present attempt the electron-molecule dipole 
potential is modified and to introduce the screening effects of plasma is 
characterized by the inverse Debye-shielding length “λ” in a0
-1. The Born 
Eikonal Series Approximation is used to calculate the differential scattering 
cross sections (DCS) for the rotational excitation of target molecule like as 
HCL, HBr, H2O, HCN and CO, using various values of “λ”. It is observed that 
 114
due to the effect of plasma screening, the DCS increases considerably near 
the forward direction. 
 
4.2 FORMULATION:- 
 
(1) FIRST BORN APROXIMATION USING SCREENING DIPOLE 
      POTENTIAL: - 
 
Born approximation is essentially a high energy approximation. 
However it has been successfully applied to the thermal and low energy 
electron molecule collisions (Gerjuoy and Stein, 1955; Dalgarno and Moffett, 
1963; Takayanagi, 1966). One of the interesting aspects to be understood is 
the application of the FBA to thermal and low energy electron molecule 
collision problem. Consider a molecule in plasma, at large distance from the 
target, the potential due to polar molecule is screened by the surrounded 
plasma may be expressed phenomenological as follow (Hatton, At.Mole.Phys. 
B-14, 1989,  Saxena and Mathur; 1987). 
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The screening parameter “λ”, which is the inverse of the Debye-Huckel 
length  “ΛD” (in meter), characterizes the plasma medium, “n”-is plasma 
density in m-3  and  KBT0 – is energy in eV.,  “D” - is dipole moment (in a.u) of 
the target molecule and “r” is the separation of the projectile electron from the 
centre of the target molecule. 
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Now the plasma screening is applied to the point dipole potential “VPD”- 
which is asymptotic and holds for r- several times larger than typical target 
dimensions. Therefore dipole screening potential is a meaningful start, if the 
Debye-Huckel screening length “ΛD” is also several time larger than typical 
target dimension. For water molecule, the electron charge density goes to 
zero only near r = 2.5a0
-1 (Banyard and March) and larger bond length in H2O 
is about 2.8 a0
-1. Thus in that case we may restrict ourselves to say “ΛD” > 20 
a0
-1, corresponding to which we have restriction λ < 0.05 a0
-1. Further the 
screening factor exp(λr) is obtained under the assumption that for screening 
electrons, 
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This condition also suggests a large value of “ΛD”.  According to eq. 
(4.2) and eq. (4.3) are suitable for weak plasma. However for the coulomb 
potential, the Debye-Huckel form of shielding is regained even in to hot and 
dense plasmas (Hatton G.J., Mole.Phys.14, 1979; Stewart J.C., Astrophysics, 
J.144, 1965). In the present case all the same, we can exclude strongly 
screening plasma for the asymptotic region mentioned here. 
 
Now the Born approximation (FBA) can be successfully applied to the 
point dipole potential even at low energies for moderate dipole moment 
(Itikawa Y.,Phys. 46, 1978). We attempt the same approximation here for the 
screened dipole potential. The validity of FBA for the present case is not 
beyond question, however the plasma screening reduces both the range and 
the strength of the point dipole potential. Hence in the present treatment, we 
exclude weakly polar molecules. On the other hand, the FBA results with point 
dipole for strongly polar molecules are not reliable, but we include here such 
cases with D > 1 a.u., as we have introduced the screening by plasma. It 
remains to be seen to what range of the vales of the FBA can be applied. 
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Assuming the molecule to be a rigid rotating point dipole, the FBA DCS 
corresponding to screening point dipole potential are calculated for the 
rotational transition 0 →1 (S.Mohanan et-al; 1990).  
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Where ∆ = | ki-kf | is the inelastic momentum transfer and ‘ki’ is incident 
momentum of the projectile electron. With the choice of ‘λ’=0 here the familiar 
expression for the electron dipole interaction scattering is recovered. 
 
(2)    FIRST TERM OF BORN EIKONAL SERIES:- 
                                         
The Born Eikonal Series method can be applied to the point dipole 
potential even at low energies. Initially we attempt same for the first term of 
Born Eikoanl Series approximation applied to screening dipole potential. The 
validity of first term of BES for present case is not beyond question; however 
the plasma screenings slightly alters the range and strength of the dipole 
potential. 
 
One of the interesting aspects to be understood is the application of 
First term of BES method to a thermal and low energy electron molecule 
collision problem. Consider a molecule in plasma at large distance from the 
target, the potential due to polar molecule screened by the surrounding 
plasma may given by eq. (4.1). Screening dipole potential in eq. (4.1) is used 
and applied to First term of Born Eikoanl Series approximation to study the 
differential scattering cross section for polar molecule. The Eikonal Phase 
shift function χ(λ, b) is, 
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Substitute eq.(4.1) into eq.(4.4)      
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The nth term of scattering amplitude in Born Eikonal Series method is 
given by. 
 
                     [ ] bdbe
n
iiki
f
nbi
n
En
2
0
),(
!2
λχ
pi ∫
∝
∆=                            ---- (4.6) 
 
The first term of Born Eikonal Series scattering amplitude is given as 
follow. 
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Assuming the molecule to be rigid rotor point dipole, the first term of 
BES corresponding to screening point dipole potential calculated for the 
rotational transition (0→1) is given by. 
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Where ∆ = |ki- kf| is the inelastic momentum transfer and ki-is incident 
momentum of the electron, with the choice of ‘λ’=0, the familiar expression for 
the electron dipole interaction potential is recovered. 
 
4.3 RESULTS AND DISCUSSION: - 
 
Slow electron collision with polar molecules shown fairly large cross-
section, have been considerably investigated in theory as well as in 
experiments. A detailed account on this subject has been given by Itikawa 
(Itikawa Y. Phys.Rep. 46; 1978). However, a practical situation of a polar 
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molecule in a plasma medium has not been investigated so far. We examine 
the effect of the plasma medium on the collision of slow electron with polar 
molecules. We have employed the Debye-Huckel screening model for the 
present problem. We have taken polar molecules like as HCL, HBr, H2O, HCN 
and CO and differential scattering cross section are calculated using FBA and 
first term of BES approximation method at incident energies of electron are 
taken as 0.1 and 0.5 eV. respectively. The specific process studied in 
rotational excitation transition (0→1). 
 
Itikawa (Itikawa Y, J.Phys. Soc.Jpn. 27, 444, 1969) had compared the 
close-coupling results and the Born DCS for e-HCL scattering of (0→1) 
rotational excitation energy at 1.0 eV. In that case the FBA produced a fairly 
good agreement with highly accurate close-coupling results for the scattering 
angle θ<40˚, in which angular region of the DCS are quite large. In present 
problem we have introduced the plasma screening which can change the 
picture. The FBA (S.Mohanan et-al; 1990) and First term of BES results 
corresponding to various strengths and various incident energy of electron Ei 
are discussed. Using the formula in eq. (4.3) and eq. (4.8), the DCS 
corresponding to (0→1) transition are calculated for Ei=0.1 and 1.0 eV. The 
screening parameter “λ” can be calculated from eq. (4.2), but we have chosen 
the representive values λ=0.03a0
-1 and λ=0.05a0
-1. Thus λ=0.01a0
-1 means ΛD 
=100 a0
-1. 
   
Figure (4.1) to (4.2) and table (4.1) to (4.2) show the DCS results of the 
present calculation for electron scattering by molecule HCl at energy 0.1 and 
0.5 eV. respectively, using FBA and F-BES with screening parameter λ=0.03 
a0
-1,  λ=0.05 a0
-1 and without screening. We have also studied e-HCL, HBr, 
H2O, HCN and CO in plasma medium. Those results are shown in fig.(4.3) to 
fig.(4.10) and table (4.3) to (4.10) at energy 0.1 and 0.5 eV., with screening 
parameter  λ=0.03 a0
-1  and   λ=0.05 a0
-1 respectivaly.  It can be seen from the 
fig. (4.1) to (4.10) that in the results corresponding to FBA, the plasma 
screening effect not only reduces the magnitude of the DCS but also alters 
the angular distribution considerably. But results corresponding to the F-BES 
show that plasma screening increased the magnitude of the DCS 
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considerably and it slightly alters the angular distribution. According to the 
S.Mohanan et-al (1990), the screening factor in eq. (4.1) reduces the range of 
the potential so that the small angle scattering is severely affected. Further it 
can be seen that the DCS at 0.1 eV. more or less isotropic for a weak plasma 
screening corresponding to λ=0.01 a0
-1, but for strong screening, the forward 
scattering is eventually wiped out. At higher energies (Ei>1.0 eV.), these 
effects are confined to small angles (i.e θ <10˚).  So the above result based 
on FBA and F-BES are expected to be reliable for weakly screen plasma 
(S.Mohanan et-al; 1990).  
 
But in the present case considering the fact that, at the low energy 
collision, decrement in incident particle energy causes larger DCS. In the case 
of screening dipole potential, the screening parameter λ - is introduced. 
Higher value of λ - stands for higher screening as well as it minimizes the 
target potential by screening. As λ - increases, target potential decreases so 
larger penetration of incident particle is possible and hence larger interaction 
time may be given to the collision process. In other words the decrement of 
potential due to screening is similar to have decrement in incident particle 
energy. This provides larger interaction time for collision and hence larger 
DCS compared to unscreened system is obtained. Results of S.Mohanan et-
al (1990) are not in accordance with this statement. It may be attributed to the 
mathematical function (arc tan) in their expression of DCS. 
 
It is fact as the energy of incident particle increases, the interaction 
time for incident particle with target potential is decreasing. In most of cases in 
literature, it is noticed that DCS decreases as the incident particle energy 
increases. Similarly DCS increases as the incident particle energy decreases. 
But the results of S.Mohanan (1990) do not show significant decrement.  
 
The results are shown in fig. (4.1) to (4.10), to obtained by using Born 
and the present model for very low energy collision under screening are found 
excellent DCS values as well as angular distribution. The aim of present study 
is thus fulfilled with low energy results and this present model is a better 
alternative tool to study the collision in low field plasma with the finite 
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screening. It is fact that as screening increases potential of target decreases, 
as a result the interaction time between target potential and incident particle 
increases. It leads to higher DCS values, but in the same case S.Mahanan et-
al (1990) has found decrement in DCS as screening increases. It may be due 
to arc tan function used in calculations. 
 
Lastly in all these discussion the concentration of the polar molecule in 
the plasma medium is assumed to be small enough, otherwise the change in 
the energy of the screening electrons, caused by various inelastic processes 
with the polar molecules would be considerable. The present results may be 
improved by taking higher term of BES method.     
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TABLE:-4.1                            HCN           
(Hydrogen cyanide) 
DCS (0 → 1) for   e–HCN (ao
2
 Sr.) 
E=0.1 eV. 
          
Angle F EBS F EBS FBA FBA FBA 
    θ λ=0.05 λ=0.03 λ=0.0 λ=0.03 λ=0.05 
5     4499.905 1.797 0.244 
10   5667.582 1127.121 5.893 0.902 
15 3009.746 1405.132 502.536 10.177 1.797 
20 1084.325 572.077 283.937 14.177 2.745 
25 514.379 302.145 182.763 18.254 3.641 
30 289.991 186.196 127.812 21.593 4.488 
35 183.689 126.726 94.684 23.262 5.335 
40 126.374 92.337 73.191 23.449 6.191 
45 92.396 70.679 58.463 22.766 6.994 
50 70.75 56.149 47.936 21.648 7.653 
55 56.165 45.919 40.156 20.343 8.112 
60 45.891 38.439 34.247 18.995 8.369 
65 38.389 32.801 29.657 17.685 8.462 
70 32.748 28.445 26.024 16.457 8.435 
75 28.402 25.011 23.103 15.329 8.328 
80 24.985 22.256 20.722 14.307 8.17 
85 22.252 20.016 18.758 13.389 7.981 
90 20.034 18.171 17.123 12.568 7.775 
95 18.214 16.637 15.751 11.838 7.562 
100 16.703 15.351 14.59 11.189 7.35 
105 15.44 14.264 13.603 10.613 7.144 
110 14.376 13.341 12.759 10.104 6.947 
115 13.475 12.554 12.037 9.654 6.761 
120 12.709 11.881 11.416 9.257 6.589 
125 12.058 11.305 10.882 8.908 6.43 
130 11.502 10.812 10.423 8.603 6.286 
135 11.03 10.39 10.031 8.337 6.157 
140 10.629 10.032 9.696 8.107 6.041 
145 10.293 9.73 9.413 7.911 5.941 
150 10.012 9.477 9.176 7.745 5.854 
155 9.784 9.271 8.983 7.608 5.781 
160 9.602 9.106 8.828 7.498 5.722 
165 9.463 8.981 8.71 7.413 5.676 
170 9.366 8.893 8.627 7.354 5.643 
175 9.309 8.841 8.578 7.318 5.624 
180 9.289 8.824 8.562 7.307 5.617 
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TABLE:-4.2                            HCN 
(Hydrogen cyanide) 
DCS (0 → 1) for e – HCN  (ao
2
 Sr.) 
E=0.5 eV. 
 
             
Angle F EBS F EBS FBA FBA FBA 
    θ λ=0.05 λ=0.03 λ=0.0 λ=0.03 λ=0.05 
5 8987.988 3814.676 904.688 6.989 1.107 
10 733.737 409.171 226.603 16.292 3.214 
15 201.846 137.326 101.033 23.172 5.181 
20 89.267 68.67 57.084 22.748 7.134 
25 50.078 41.544 36.744 19.665 8.327 
30 32.217 28.044 25.696 16.373 8.468 
35 22.615 20.324 19.036 13.546 8.042 
40 16.853 15.485 14.715 11.275 7.398 
45 13.118 12.245 11.754 9.484 6.702 
50 10.555 9.968 9.637 8.074 6.034 
55 8.717 8.305 8.073 6.956 5.428 
60 7.353 7.054 6.885 6.061 4.892 
65 6.314 6.089 5.962 5.338 4.425 
70 5.502 5.329 5.232 4.747 4.022 
75 4.858 4.721 4.645 4.26 3.673 
80 4.337 4.228 4.166 3.854 3.372 
85 3.912 3.822 3.771 3.515 3.113 
90 3.56 3.485 3.443 3.228 2.888 
95 3.266 3.202 3.167 2.984 2.693 
100 3.018 2.964 2.933 2.776 2.524 
105 2.809 2.761 2.735 2.598 2.377 
110 2.63 2.589 2.565 2.445 2.248 
115 2.478 2.441 2.42 2.313 2.137 
120 2.347 2.314 2.295 2.198 2.039 
125 2.235 2.205 2.188 2.1 1.954 
130 2.139 2.111 2.096 2.015 1.881 
135 2.057 2.031 2.017 1.942 1.817 
140 1.987 1.963 1.949 1.891 1.763 
145 1.928 1.905 1.892 1.793 1.716 
150 1.879 1.857 1.845 1.721 1.677 
155 1.838 1.818 1.806 1.701 1.645 
160 1.806 1.786 1.775 1.698 1.619 
165 1.781 1.762 1.751 1.651 1.599 
170 1.764 1.745 1.734 1.621 1.586 
175 1.754 1.735 1.725 1.618 1.577 
180 1.751 1.732 1.721 1.603 1.575 
 123
TABLE:-4.3                             HBr 
(Hydrogen bomide) 
DCS (0 → 1) for  e – HBr  (ao
2
 Sr.) 
E=0.1 eV. 
 
Angle F EBS F EBS FBA FBA FBA 
    θ λ=0.05 λ=0.03 λ=0.0 λ=0.03 λ=0.05 
5 ******** ******** 2503.607 1 0.136 
10 7644.236 3153.266 627.095 3.279 0.502 
15 1674.529 781.771 279.595 5.662 1 
20 603.285 318.286 157.974 7.888 1.527 
25 286.184 168.104 101.684 10.156 2.026 
30 161.342 103.594 71.11 12.013 2.497 
35 102.199 70.507 52.68 12.942 2.968 
40 70.311 51.374 40.721 13.046 3.445 
45 51.406 39.324 32.527 12.666 3.891 
50 39.363 31.24 26.67 12.045 4.258 
55 31.248 25.548 22.342 11.318 4.513 
60 25.532 21.386 19.054 10.568 4.656 
65 21.359 18.249 16.5 9.84 4.708 
70 18.22 15.826 14.479 9.156 4.693 
75 15.802 13.915 12.854 8.529 4.634 
80 13.901 12.383 11.529 7.96 4.546 
85 12.38 11.136 10.437 7.449 4.44 
90 11.147 10.11 9.527 6.993 4.326 
95 10.134 9.257 8.763 6.586 4.207 
100 9.293 8.541 8.117 6.225 4.089 
105 8.59 7.936 7.568 5.905 3.975 
110 7.998 7.423 7.099 5.621 3.865 
115 7.497 6.985 6.697 5.371 3.762 
120 7.071 6.61 6.351 5.15 3.666 
125 6.708 6.29 6.054 4.956 3.578 
130 6.399 6.015 5.799 4.786 3.497 
135 6.137 5.781 5.581 4.639 3.425 
140 5.914 5.581 5.395 4.511 3.361 
145 5.726 5.413 5.237 4.401 3.305 
150 5.571 5.273 5.105 4.309 3.257 
155 5.443 5.158 4.998 4.233 3.216 
160 5.342 5.067 4.912 4.171 3.183 
165 5.265 4.997 4.846 4.125 3.158 
170 5.211 4.948 4.8 4.091 3.14 
175 5.179 4.919 4.773 4.072 3.129 
180 5.168 4.909 4.763 4.065 3.125 
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TABLE:-4.4                           HBr 
(Hydrogen bomide) 
DCS (0 → 1) for  e – HBr  (ao
2
 Sr.) 
E=0.5 eV 
                             
Angle F EBS F EBS FBA FBA FBA 
    θ λ=0.05 λ=0.03 λ=0.0 λ=0.03 λ=0.05 
5 4995.385 2120.138 502.812 3.884 0.616 
10 407.8 227.411 125.943 9.055 1.786 
15 112.183 76.323 56.153 12.879 2.879 
20 49.613 38.166 31.727 12.643 3.965 
25 27.832 23.09 20.422 10.93 4.628 
30 17.906 15.586 14.281 9.1 4.706 
35 12.569 11.296 10.58 7.529 4.47 
40 9.367 8.606 8.178 6.266 4.112 
45 7.291 6.806 6.533 5.271 3.725 
50 5.866 5.54 5.356 4.487 3.354 
55 4.845 4.616 4.487 3.866 3.017 
60 4.087 3.92 3.827 3.369 2.719 
65 3.509 3.384 3.314 2.967 2.46 
70 3.058 2.962 2.908 2.638 2.235 
75 2.7 2.624 2.581 2.367 2.041 
80 2.411 2.35 2.315 2.142 1.874 
85 2.174 2.124 2.096 1.953 1.73 
90 1.978 1.937 1.913 1.794 1.605 
95 1.815 1.78 1.76 1.659 1.497 
100 1.677 1.647 1.63 1.543 1.403 
105 1.561 1.535 1.52 1.444 1.321 
110 1.462 1.439 1.426 1.359 1.25 
115 1.377 1.357 1.345 1.285 1.188 
120 1.304 1.286 1.276 1.222 1.133 
125 1.242 1.225 1.216 1.167 1.086 
130 1.189 1.173 1.165 1.12 1.045 
135 1.143 1.129 1.121 1.079 1.01 
140 1.104 1.091 1.083 1.04 0.98 
145 1.071 1.059 1.052 0.99 0.954 
150 1.044 1.032 1.025 0.961 0.932 
155 1.022 1.01 1.004 0.935 0.914 
160 1.004 0.993 0.986 0.925 0.9 
165 0.99 0.979 0.973 0.915 0.889 
170 0.981 0.97 0.964 0.895 0.881 
175 0.975 0.964 0.958 0.882 0.877 
180 0.973 0.963 0.957 0.896 0.875 
 125
TABLE:-4.5                            H2O 
(Water) 
DCS (0 → 1) for e – H2O (ao
2
 Sr.) 
E=0.1 eV 
                         
Angle F EBS F EBS FBA FBA FBA 
    θ λ=0.05 λ=0.03 λ=0.0 λ=0.03 λ=0.05 
5 ******** ******** ******** 4.997 0.678 
10 ******** ******** 3133.374 16.383 2.507 
15 8367.036 3906.239 1397.04 28.292 4.995 
20 3014.402 1590.362 789.339 39.413 7.63 
25 1429.962 839.957 508.078 50.745 10.123 
30 806.17 517.622 355.314 60.027 12.477 
35 510.653 352.297 263.221 64.668 14.831 
40 351.319 256.696 203.47 65.188 17.212 
45 256.86 196.487 162.527 63.29 19.444 
50 196.683 156.094 133.262 60.182 21.277 
55 156.137 127.655 111.633 56.554 22.551 
60 127.576 106.859 95.206 52.806 23.266 
65 106.721 91.185 82.446 49.165 23.523 
70 91.039 79.076 72.347 45.75 23.449 
75 78.957 69.529 64.226 42.615 23.152 
80 69.457 61.873 57.606 39.774 22.712 
85 61.86 55.644 52.148 37.221 22.186 
90 55.695 50.516 47.603 34.94 21.614 
95 50.634 46.252 43.787 32.908 21.023 
100 46.435 42.675 40.56 31.104 20.433 
105 42.922 39.654 37.816 29.504 19.86 
110 39.964 37.089 35.471 28.088 19.312 
115 37.46 34.901 33.462 26.837 18.796 
120 35.332 33.03 31.735 25.734 18.317 
125 33.52 31.428 30.251 24.765 17.876 
130 31.976 30.056 28.977 23.916 17.476 
135 30.662 28.885 27.885 23.177 17.115 
140 29.549 27.889 26.955 22.538 16.795 
145 28.613 27.048 26.168 21.992 16.515 
150 27.834 26.347 25.51 21.531 16.274 
155 27.198 25.773 24.971 21.149 16.071 
160 26.692 25.316 24.542 20.843 15.906 
165 26.308 24.968 24.214 20.609 15.779 
170 26.038 24.723 23.984 20.443 15.688 
175 25.878 24.578 23.847 20.345 15.634 
180 25.825 24.53 23.801 20.312 15.616 
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TABLE:-4.6                            H2O 
(Water) 
DCS (0 → 1) for e – H2O (ao
2
 Sr.) 
E=0.5 eV. 
               
Angle F EBS F EBS FBA FBA FBA 
    θ λ=0.05 λ=0.03 λ=0.0 λ=0.03 λ=0.05 
5 ******** ******** 2520.822 19.475 3.086 
10 2044.485 1140.115 631.407 45.395 8.955 
15 562.423 382.644 281.518 64.568 14.436 
20 248.735 191.343 159.06 63.385 19.877 
25 139.537 115.758 102.383 54.795 23.202 
30 89.77 78.141 71.599 45.621 23.594 
35 63.014 56.632 53.042 37.744 22.409 
40 46.96 43.146 41.001 31.416 20.614 
45 36.553 34.119 32.751 26.427 18.675 
50 29.41 27.774 26.854 22.498 16.814 
55 24.289 23.141 22.495 19.382 15.124 
60 20.49 19.655 19.185 16.889 13.631 
65 17.592 16.966 16.614 14.873 12.331 
70 15.332 14.85 14.579 13.227 11.206 
75 13.536 13.156 12.942 11.869 10.235 
80 12.086 11.78 11.608 10.74 9.397 
85 10.9 10.649 10.508 9.793 8.673 
90 9.919 9.71 9.592 8.994 8.047 
95 9.099 8.923 8.823 8.316 7.504 
100 8.41 8.258 8.173 7.736 7.033 
105 7.826 7.694 7.62 7.24 6.622 
110 7.329 7.213 7.148 6.812 6.265 
115 6.904 6.801 6.743 6.444 5.953 
120 6.54 6.447 6.395 6.125 5.682 
125 6.228 6.143 6.096 5.851 5.446 
130 5.96 5.883 5.839 5.614 5.241 
135 5.731 5.659 5.619 5.41 5.064 
140 5.536 5.469 5.432 5.12 4.911 
145 5.372 5.309 5.273 5.06 4.782 
150 5.234 5.174 5.141 4.98 4.673 
155 5.122 5.064 5.032 4.97 4.583 
160 5.032 4.977 4.945 4.965 4.512 
165 4.964 4.91 4.879 4.958 4.457 
170 4.916 4.863 4.833 4.92 4.418 
175 4.887 4.835 4.805 4.88 4.395 
180 4.878 4.826 4.796 4.86 4.388 
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TABLE:-4.7                          HCN 
(Hydrogen Cyanide) 
DCS (0 → 1) for e – HCN (ao
2
 Sr.) 
E=0.1 eV. 
 
Angle F EBS F EBS FBA FBA FBA 
    θ λ=0.05 λ=0.03 λ=0.0 λ=0.03 λ=0.05 
5 ******** ******** ******** 13.016 1.766 
10 ******** ******** 8162.048 42.675 6.531 
15 ******** ******** 3639.115 73.698 13.011 
20 7852.142 4142.695 2056.131 102.665 19.876 
25 3724.873 2187.982 1323.481 132.184 26.369 
30 2099.972 1348.34 925.547 156.363 32.502 
35 1330.188 917.689 685.658 168.453 38.634 
40 915.141 668.66 530.015 169.807 44.834 
45 669.088 511.823 423.362 164.863 50.649 
50 512.335 406.605 347.132 156.767 55.423 
55 406.718 332.524 290.79 147.317 58.743 
60 332.32 278.355 248 137.554 60.606 
65 277.995 237.526 214.762 128.069 61.275 
70 237.146 205.984 188.455 119.174 61.082 
75 205.673 181.115 167.3 111.006 60.308 
80 180.927 161.17 150.057 103.606 59.163 
85 161.136 144.946 135.839 96.956 57.793 
90 145.08 131.589 124 91.014 56.301 
95 131.895 120.48 114.059 85.722 54.761 
100 120.957 111.163 105.653 81.022 53.226 
105 111.808 103.294 98.505 76.854 51.732 
110 104.102 96.612 92.398 73.165 50.305 
115 97.579 90.913 87.163 69.907 48.962 
120 92.035 86.039 82.667 67.034 47.714 
125 87.315 81.866 78.801 64.509 46.566 
130 83.292 78.293 75.481 62.298 45.522 
135 79.871 75.241 72.637 60.373 44.583 
140 76.972 72.646 70.213 58.709 43.749 
145 74.533 70.457 68.164 57.286 43.019 
150 72.505 68.631 66.451 56.085 42.39 
155 70.848 67.135 65.047 55.091 41.863 
160 69.53 65.945 63.928 54.294 41.434 
165 68.529 65.038 63.075 53.683 41.102 
170 67.825 64.401 62.474 53.252 40.866 
175 67.408 64.023 62.118 52.996 40.724 
180 67.27 63.897 62 52.91 40.677 
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TABLE:-4.8                         HCN 
(Hydrogen Cyanide) 
DCS (0 → 1) for e – HCN (ao
2
 Sr.) 
E=0.5 eV. 
Angle F EBS F EBS FBA FBA FBA 
    θ λ=0.05 λ=0.03 λ=0.0 λ=0.03 λ=0.05 
5 ******** ******** 6521.999 50.386 7.984 
10 5289.596 2949.764 1633.608 117.449 23.17 
15 1455.129 989.995 728.357 167.052 37.349 
20 643.539 495.052 411.528 163.993 51.427 
25 361.017 299.496 264.89 141.769 60.029 
30 232.257 202.17 185.245 118.032 61.045 
35 163.032 146.52 137.232 97.654 57.978 
40 121.497 111.631 106.081 81.281 53.334 
45 94.571 88.276 84.735 68.374 48.317 
50 76.09 71.858 69.477 58.207 43.503 
55 62.841 59.871 58.201 50.147 39.13 
60 53.012 50.851 49.636 43.696 35.267 
65 45.515 43.895 42.984 38.48 31.903 
70 39.668 38.42 37.719 34.22 28.992 
75 35.021 34.038 33.485 30.708 26.48 
80 31.269 30.478 30.033 27.787 24.312 
85 28.2 27.552 27.188 25.338 22.44 
90 25.662 25.122 24.818 23.271 20.82 
95 23.542 23.086 22.829 21.515 19.416 
100 21.759 21.367 21.146 20.016 18.195 
105 20.248 19.907 19.715 18.73 17.134 
110 18.962 18.662 18.493 17.625 16.209 
115 17.862 17.596 17.445 16.671 15.403 
120 16.92 16.68 16.545 15.848 14.701 
125 16.113 15.895 15.772 15.137 14.09 
130 15.42 15.22 15.107 14.524 13.559 
135 14.828 14.642 14.538 13.998 13.101 
140 14.324 14.15 14.053 13.011 12.707 
145 13.898 13.735 13.643 12.982 12.372 
150 13.542 13.387 13.3 12.843 12.09 
155 13.251 13.103 13.019 12.745 11.858 
160 13.019 12.876 12.795 12.643 11.673 
165 12.842 12.703 12.624 12.463 11.531 
170 12.718 12.581 12.504 12.235 11.431 
175 12.645 12.509 12.433 12.023 11.371 
180 12.62 12.485 12.409 11.802 11.352 
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TABLE:-4.9                             CO 
(Carbon monoxide) 
DCS (0 → 1) for e – CO (ao
2
 Sr.) 
                                           E=0.1 eV. 
              
Angle F EBS F EBS FBA FBA FBA 
    θ λ=0.05 λ=0.03 λ=0.0 λ=0.03 λ=0.05 
5  790.637 46.283 0.018 0.003 
10 141.314 58.292 11.593 0.061 0.009 
15 30.956 14.452 5.169 0.105 0.018 
20 11.153 5.884 2.92 0.146 0.028 
25 5.291 3.108 1.88 0.188 0.037 
30 2.983 1.915 1.315 0.222 0.046 
35 1.889 1.303 0.974 0.239 0.055 
40 1.3 0.95 0.753 0.241 0.064 
45 0.95 0.727 0.601 0.234 0.072 
50 0.728 0.578 0.493 0.223 0.079 
55 0.578 0.472 0.413 0.209 0.083 
60 0.472 0.395 0.352 0.195 0.086 
65 0.395 0.337 0.305 0.182 0.087 
70 0.337 0.293 0.268 0.169 0.087 
75 0.292 0.257 0.238 0.158 0.086 
80 0.257 0.229 0.213 0.147 0.084 
85 0.229 0.206 0.193 0.138 0.082 
90 0.206 0.187 0.176 0.129 0.08 
95 0.187 0.171 0.162 0.122 0.078 
100 0.172 0.158 0.15 0.115 0.076 
105 0.159 0.147 0.14 0.109 0.073 
110 0.148 0.137 0.131 0.104 0.071 
115 0.139 0.129 0.124 0.099 0.07 
120 0.131 0.122 0.117 0.095 0.068 
125 0.124 0.116 0.112 0.092 0.066 
130 0.118 0.111 0.107 0.088 0.065 
135 0.113 0.107 0.103 0.086 0.063 
140 0.109 0.103 0.1 0.083 0.062 
145 0.106 0.1 0.097 0.081 0.061 
150 0.103 0.097 0.094 0.08 0.06 
155 0.101 0.095 0.092 0.078 0.059 
160 0.099 0.094 0.091 0.077 0.059 
165 0.097 0.092 0.09 0.076 0.058 
170 0.096 0.091 0.089 0.076 0.058 
175 0.096 0.091 0.088 0.075 0.058 
180 0.096 0.091 0.088 0.075 0.058 
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TABLE:-4.10                          CO 
  (Carbon monoxide) 
DCS (0 → 1) for e – CO (ao
2
 Sr.) 
                                           E=0.5 eV. 
 
Angle F EBS F EBS FBA FBA FBA 
    θ λ=0.05 λ=0.03 λ=0.0 λ=0.03 λ=0.05 
5 92.05 39.068 9.265 0.072 0.011 
10 7.515 4.191 2.321 0.167 0.033 
15 2.067 1.406 1.035 0.237 0.053 
20 0.914 0.703 0.585 0.233 0.073 
25 0.513 0.425 0.376 0.201 0.085 
30 0.33 0.287 0.263 0.168 0.087 
35 0.232 0.208 0.195 0.139 0.082 
40 0.173 0.159 0.151 0.115 0.076 
45 0.134 0.125 0.12 0.097 0.069 
50 0.108 0.102 0.099 0.083 0.062 
55 0.089 0.085 0.083 0.071 0.056 
60 0.075 0.072 0.071 0.062 0.05 
65 0.065 0.062 0.061 0.055 0.045 
70 0.056 0.055 0.054 0.049 0.041 
75 0.05 0.048 0.048 0.044 0.038 
80 0.044 0.043 0.043 0.039 0.035 
85 0.04 0.039 0.039 0.036 0.032 
90 0.036 0.036 0.035 0.033 0.03 
95 0.033 0.033 0.032 0.031 0.028 
100 0.031 0.03 0.03 0.028 0.026 
105 0.029 0.028 0.028 0.027 0.024 
110 0.027 0.027 0.026 0.025 0.023 
115 0.025 0.025 0.025 0.024 0.022 
120 0.024 0.024 0.024 0.023 0.021 
125 0.023 0.023 0.022 0.022 0.02 
130 0.022 0.022 0.021 0.021 0.019 
135 0.021 0.021 0.021 0.02 0.019 
140 0.02 0.02 0.02 0.019 0.018 
145 0.02 0.02 0.019 0.018 0.018 
150 0.019 0.019 0.019 0.019 0.017 
155 0.019 0.019 0.018 0.018 0.017 
160 0.018 0.018 0.018 0.018 0.017 
165 0.018 0.018 0.018 0.018 0.016 
170 0.018 0.018 0.018 0.017 0.016 
175 0.018 0.018 0.018 0.017 0.016 
180 0.018 0.018 0.018 0.017 0.016 
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CHAPTER – 5 
A study of cometary molecules 
 
 
 
5.1    INTRODUCTION:- 
 
In the previous chapter, the differential scattering cross sections for 
polar molecules in plasma medium were studied. This chapter contains the 
study of electron cometary molecules collision in low energy range. The 
present study covers 20 cometary molecules. 
 
It is believed that the existence of the comets has been around since 
the beginning of the solar system, and they have been recorded in the history 
when it was written initially. Originally, comets were known as "hairy stars”. As 
science progressed, the comets were understood well. In 1577, Tycho Brahe 
and Mastlin measurement showed that comets were not in the atmosphere, 
but they were very far away, even farther than the moon. In 1704 Edmund 
Halley fully explained the activity of the comets. 
 
The center of a comet, the nucleus, is very small compared to the rest 
of the comet, and is usually only a few kilometers in diameter. The nucleus is 
composed of rocks and ice. As comets age, they lose their ice. A comet is 
considered "dead" when it has no longer any ice. The other parts of a comet 
are only in existence when the comet approaches the sun. The sun's heat 
melts some of the ice in the nucleus to form a huge glowing "head," the coma. 
The outer part of the comet is most well-known is called tail. Most comets 
usually have two tails, and usually one is brighter than the other.  The some 
famous comets are Borrelly, Brorsen, Metcalf, d’Arrest, Encke, Giacobini- 
Zinner, Hale-Bopp, Halley, Hyakutake, Ikeya-Seki, Levy-9, Temple 1&2, Swift-
Tuttle, Temple-Tuttle and Wild-2.  
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One of the most exciting aspects of the astrophysics is the continued 
discovery of the wide range of molecular species.  In present study, the 
molecules detected in comet have been covered. Infrared and microwave 
spectroscopic observation of comet Austin (1989-c1) at millimeter   
wavelengths detected H2S molecule. The presence of H2S provides severe 
constraints on the formation of cometary nuclei. The first unambiguous 
detection of OCS in comet Hyakutake (c/1996) was reported at transition 
145.9 GHz. Sulphar dioxide (SO2) is an inorganic triatomic species that has 
been identified in the comet Hale-Bopp. Observations of spectral molecular 
survey of Hale-Bopp (c/1995), new cometary molecule HC3N have been 
identified.  CH3OH in comet Austin (1991), C2H2 in comet Hyakutake (1996), 
molecules SO, SO2, NH2CHO and HCOOH in comet Hole-Bopp (2000) are 
detected. At present, large number of molecules were detected in the comet 
like SO, CH, OH, CO, NO, SiO, H2O, HCN, H2S, SO2, OCS, H2CO, HC3N, 
C2H2, CH3OH, CH3CHO, CH3CN, NH2CHO, HCOOH and HOOCH3 (The 
Cosmic Ice Laboratory-NASA, Goddard Space Flight Centre, Report, August-
2005). The cometary molecules present exciting problem in the physical 
properties of ices relevant to comet, Astrobiology, Astrophysics and 
Cosmology also. They are of considerable found interested in different types 
of interstellar clouds and these molecules are of interest to Bioscientists. The 
study of electron collision with these molecules may provide important 
information on the formation of non –volatile grains and cooling gases of the 
comet. 
    
In the study of e-HCN collision under space condition, Saha et-al 
(1981) calculated rotational excitation total cross-section in low energy range 
by using the Close-Coupling method and compared the results with those due 
to First Born Series Approximation (FBA). In these calculations they used the 
point dipole potential model. 
 
In this chapter, we present a theoretical study of rotational excitation 
total cross sections (TCS) and momentum transfer cross-sections (MTCS) for 
electron collisions with cometary molecules like SO, CH, OH, CO, NO, SiO, 
H2O, HCN, H2S, SO2, OCS, H2CO, HC3N, C2H2, CH3OH, CH3CHO, CH3CN, 
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NH2CHO, HCOOH and HOOCH3. are calculated, employing Born Eikonal 
series (BES) approximation. Range of energy is taken from 0.5 to 16.5 eV.   
The hard sphere dipole interaction potential model is used. The hard sphere 
cut-off parameter “a” is taken as “D/2”, where “D” is dipole moment of 
molecule. The total and momentum transfer cross section obtained in this 
calculations have been compared with the FBA calculations using point dipole 
interaction potential. 
 
 5.2    FORMULATION:- 
 
(1) FIRST BORN APPROXIMATION (FBA):- 
 
Born approximation is essentially a high energy approximation. 
However it has been successfully applied to thermal and low energy electron 
molecule collisions. (Gerjuoy and stein, 1955; Altschur, 1957; Dalgarno and 
Moffett, 1963; Takayanagi, 1966;, Maru and Desai,(1975), Chhaya and Desai, 
1979; J.Tarwadi, 1987; A.Jain, 1990; A. Lahman, 1991; J. Gibson, 1996; F. 
Gianturco, 1998; K. Baluja, 1999; D. Field, 2000, A. Foure, 2004, 
L.E.Machoda, 2005). The formula derived using FBA provides not only useful 
estimates of cross section in some cases but also a frame work for more 
elaborate calculations and bench mark against which the results of such 
calculations and measurements can be compared. 
 
One of the interesting aspects to be understood is the application of 
FBA to thermal and low energy electron molecule collisions problem. In order 
to understand this aspect, Takayanagi (1964-65), Chang (1970), A. Jain 
(1984) and F.A.Gainturco (1998) calculated partial Born cross sections by 
expanding initial and outgoing plane waves in terms of the partial waves. 
Each partial wave corresponds to a definite value of the orbital angular 
momentum. It has been found that the success of the Born approximation is 
first of all, due to the long range nature of the relevant interaction and 
secondly due to the fact that the S-wave, which is the only partial wave to be 
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distorted considerably in the low energy collision under consideration, does 
not contribute appreciably to the rotational transitions.  
 
The electron point dipole potential interaction can be asymptotically 
written (in a.u.) as, 
 
   )ˆ,ˆ()( 12 srPr
D
rV
r
−=
→ α
                                 ---- (5.1) 
 
Where “D” is the dipole moment of the molecules, r is the position 
vector of the scattered electron and sˆ  is internuclear axis. The well known 
formula for the DCS, TCS and the MTCS in the first Born Approximation 
(FBA) for the rotational excitation of the molecule can be written as follows 
(Takayanagi, 1966; Crawford et-al; 1967; Singh; 1970; Desai and Chhaya; 
1979, Gainturco; 1990; J.Raiyani , V.Chhaya (1997, 2004). 
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The DCS is in a0
2 units, where the TCS and MTCS are in pia0
2 units.  
 
In order to make comparisons with such experimental values, the 
theoretical calculated cross sections are summed over final states j and 
average over initial states jo. They can be calculated using following formula 
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(Itikawa; 1978). The DCS summed over the final states is given by the 
relation. 
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Further the DCS averaged over the initial rotational states is given by the 
relation. 
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Where 
oj
g the fraction of the molecules in its jo is rotational state and is 
usually specified by the temperature Tn of the molecular gas. The general 
formula for the TCS and MTCS are, 
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Where θ and ø are the polar angles specifying the direction of 
scattered electron with respect to z – axis. Substituting eq. (5.5) into eq. (5.7), 
one can find out rotationally averaged TCS and MTCS. 
 
(2)  BORN EIKONAL SERIES METHOD (BES):- 
 
In order to take into account some what higher terms of Born series, 
one can use Eikonal approximation. Ashihara et-al (1975) employed Glauber 
formulation in Eikonal approximation for electron dipole collisions. They 
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calculated cross section for strongly polar molecules. Although this 
approximation is originally a high energy approximation, it has been applied 
successfully to the low energy electron atom collisions (Gerjuoy; 1971). This 
approach has been much more favorable in the case of low energy electron 
dipole collision since the distance encounter has dominated in those collision 
processes. 
 
In the present investigations an attempt is made to employ Born 
Eikonal Series method for the cross sectional calculations for the low energy 
electron dipole collision, Desai and Chhaya (1979), A.Mengoni et-al (1991), 
Y.Alhassid et-al (1992) and J.Raiyani, V.Chhaya (1997, 2004) employed it in 
the case of elastic scattering of low energy electrons by the polar molecules. 
 
Glauber’s approach in the Eikonal approximation to the scattering by a 
particle by a composite target system is based on the adiabatic 
approximation. In this approximation the scattering amplitude for the rotational 
excitation of the molecule is given by- 
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Where f sˆ (ki→kf) is the elastic scattering amplitude for the specific 
momentum transfer ∆ = |ki – kf| and for a given molecular orientation sˆ . The 
expression for f sˆ (ki→kf) is given by (Joachain and Quigg; 1974). 
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Where, ‘b’- is the impact parameter. It may be noted that in the above 
expression cylindrical co-ordinates are employed such that, 
 
           r    =    b    +   z nˆ                                                                         --- (5.11) 
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           nˆ - is perpendicular to ∆. 
 
The Eikonal phase shift function χ (b) is defined as- 
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It may also be kept in mind that atomic units are used. Now one can 
write series expansion for the following term. 
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Therefore nth - term of scattering amplitude in the series is given by- 
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If only the first term is employed, it leads to the FBA. When one 
includes all orders the Glauber approximation is regained. Moreover, with the 
more conventional choice of path integration one further recovers the Born 
Eikonal Series expansion. 
 
There have been various derivations for the specific form of the 
function - χ . Its integral has always contained certain amount of arbitrariness 
(Gerjuoy and Thomas; 1974). It has been of some importance to reduce the 
evaluation of the amplitude to the closed analytical form. In the present 
investigation following form of the point dipole interaction is employed. One 
can name it linear dipole model. 
 
            ˆV ( r , s ) = V (b , z) = o                              for z <a  --- (5.15) 
           
12 2
D
ˆ ˆˆV ( r , s ) = V ( b , z) = - P ( r , s )
b + z          for z>a   --- (5.16) 
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Where, “a”- is the hard sphere parameter (cut-off parameter). 
Further one can write, 
 
             )cos(sincoscos)ˆ,(1 ssssrP φφθθθ −+=                --- (5.17) 
 
Where θs and Ǿs denote the orientation of dipole axis with respect to 
the polar axis and θ and Ǿ are the polar angles of the incident electron. They 
are not to be confused with the scattering angles. In the present case the axis 
and orientations are chosen in such a way that (θ - Ǿs) is always equal to pi/2 
(fig. 3.44). Though this is rather a crude assumption, but it simplifies to a great 
extent the calculations of scattering amplitude for higher terms. In this case it 
can be written as follows – 
 
            
α
2 2 3 /2
a
2 D γ z d z
(b ) = -
k i ( b + z )
χ ∫
                          --- (5.18) 
 
Where γ is the direction cosine of the dipole axis with respect to the 
polar axis, substituting this in eq. (5.16) and performing integration one gets  
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                                                ---- (5.19)    
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ki
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                             ---- (5.20)
         
                      
a
e
ki
D
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E
∆−
=
33
3
3
4 γ
                                          ---- (5.21)                               
                                             
Where Kv(z) - is a Bessel function of the imaginary argument. Now 
substitute eqs. (5.19), (5.20) and (5.21) in eq. (5.9) one by one; fE1(jomjo  jmj; 
θ), fE2(jomjo  jmj; θ) and fE3(jomjo  jmj; θ) are secured. Hence the DCS for 
three terms in BES is given by, 
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Summing over mj and averaging over mjo one gets the DCS for the 
rotational transition j0 → jo + 1. 
 
Therefore using the standard formula, one can calculate the expression 
for the TCS and the MTCS which will be as follows – 
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In the expression eq. (3.32), the integration in the first terms is solved 
using Simpson rule. As a → 0, the first term of the eq. (3.32) reduced to that 
of point dipole in FBA. 
 
(5.3)  RESULTS AND DISCUSSION:- 
 
In this chapter,  the present results report the study for electron 
collision with cometary molecules like SO, CH, OH, CO, NO, SiO, H2O, HCN, 
H2S, SO2, OCS, H2CO, HC3N, C2H2, CH3OH, CH3CHO, CH3CN, NH2CHO, 
HCOOH and HOOCH3.  The total and momentum transfer cross section for 
electron scattering by cometary molecules are calculated. The Born Eikonal 
Series Approximation method (BES) and First Born Approximation (FBA) 
method are used in present study. The FBA for point dipole potential and EBS 
for hard sphere dipole interaction potential are used to calculate total and 
momentum transfer cross section. Total and momentum transfer cross section 
have been calculated in energy range from 0.5 to 16.5 eV. This chapter is 
covers study of 20-cometary molecules.  The calculations are divided into two 
parts. 
 
(1) The total cross sections (TCS) are calculated using FBA point dipole 
potential at varying energy from 0.5 to 16.5 eV. for cometary molecules. 
 
(2) The total and momentum transfer cross sections (MTS) are calculated 
using BES hard sphere dipole potential at energy from 0.5 to 16.5 eV. for 
cometary molecules. The hard sphere parameter is taken as “a”=D/2 where 
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“D” is dipole moment of concern molecule. This value of “a” is very near to 
that used by Rudge (1978). 
 
Table (5.1), and figure (5.1), (5.2) show our calculated TCS results for 
‘e-SO’ and ‘e-CH’ collision process, in rotational excitation (0→1) using FBA 
point and BES hard sphere potential model. As shown in fig. (5.1), (5.2), it is 
found that present TCS results decrease sharply at low energy 0.5 to 3.0 eV. 
But at higher energy it decreases slowly. Present BES method results are in 
good agreement in shape of curves, but differ in magnitude with those of FBA 
point results. The present TCS results of SO and CH in the energy range from 
0.5 to 16.5 eV are found batter than those of FBA point dipole potential 
method. 
 
      Table (5.2) and figure (5.3), (5.4) show the present results for ‘e-
OH’ and ‘e-CO’ collision process, in rotational excitation (0→1) using FBA 
point and BES hard sphere potential model. As shown in fig. (5.1), (5.2), the 
present TCS results are found with sharp decrement at low energy (0.5 to 3.0) 
region. At higher energy it decreases slowly. The present TCS results of OH 
and CN by varying energy from 0.5 to 16.5 eV. are found better than those of 
FBA point. 
 
Tables (5.3) to (5.10) and figures (5.5) to (5.20) show the results of 
cometary’s molecules like NO, SiO, H2O, HCN, H2S, SO2, OCS, H2CO, HC3N, 
C2H2, CH3OH, CH3CHO, CH3CN, NH2CHO, HCOOH and HOOCH3.  The 
present TCS results are found with sharp decrement at low energy (0.5 to 3.0 
eV) region. But at higher energy it decreases slowly. The present TCS results 
for cometary molecules at energy from 0.5 to 16.5 eV. are found better than 
those of FBA point. 
 
The present momentum transfer cross sections (MTCS) are calculated 
for electron collision with cometary molecules at energy range from 0.5 to 
16.5 eV region, using BES method for hard sphere potential. The MTCS 
(0→1) results for molecules NO, SiO, H2O, HCN, H2S, SO2, OCS, H2CO, 
HC3N, C2H2, CH3OH, CH3CHO, CH3CN, NH2CHO, HCOOH and HOOCH3. 
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are shown in tables (5.11) to (5.14) and figures (5.21) to (5.24). The 
magnitude of MTCS for cometary molecules are found in order of 
SiO>H2O>OH>SO>CH, HC3N>HCN>H2CO> CH3OH>SO2, 
H2S>OCS>C2H2>NO>CO and HOOCH3> NH2CHO> CH3CHO> HCOOH> 
HCOOH as shown in the tables (5.11) to (5.14) and figures (5.21) to (5.24). 
Same inequalities are found in the magnitudes of the dipole moments of the 
above molecules. So it can be concluded that momentum transfer cross 
section (MTCS) increase with increase in dipole moment. 
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TABLE: -5.1                 ‘SO’ and ‘CH’ 
 
TCS (0→1) for e-SO, CH (pia0
2
) 
 
 
 SO   CH   
Energy FBA BES FBA BES 
eV. Point Hard sphere Point Hard sphere 
0.5 313.771 259.145 190.186 158.657 
1.5 80.301 93.986 46.81 59.712 
2.5 49.128 58.319 29.346 37.562 
3.5 36.227 42.513 22.065 27.601 
4.5 28.973 33.544 17.899 21.898 
5.5 24.261 27.747 15.15 18.189 
6.5 20.93 23.686 13.18 15.578 
7.5 18.438 20.679 11.69 13.637 
8.5 16.499 18.361 10.519 12.135 
9.5 14.944 16.518 9.573 10.939 
10.5 13.667 15.017 8.791 9.962 
11.5 12.598 13.771 8.132 9.149 
12.5 11.69 12.719 7.569 8.462 
13.5 10.908 11.819 7.083 7.872 
14.5 10.227 11.04 6.657 7.362 
15.5 9.629 10.359 6.282 6.915 
16.5 9.099 9.758 5.949 6.52 
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TABLE: - 5.2                   OH and CO 
  
 
TCS (0→1) for e-OH, CO (pia0
2
) 
 
 
  OH   CO   
Energy FBA BES FBA BES 
eV. Point Hard sphere Point Hard sphere 
1.5 59.543 73.784 0.455 0.474 
2.5 36.118 46.44 0.289 0.298 
3.5 26.934 34.135 0.214 0.22 
4.5 21.806 27.086 0.171 0.174 
5.5 18.456 22.502 0.143 0.145 
6.5 16.066 19.274 0.122 0.125 
7.5 14.262 16.874 0.108 0.109 
8.5 12.846 15.018 0.096 0.097 
9.5 11.701 13.539 0.087 0.088 
10.5 10.754 12.331 0.079 0.08 
11.5 9.956 11.325 0.073 0.074 
12.5 9.274 10.475 0.067 0.068 
13.5 8.683 9.747 0.063 0.064 
14.5 8.167 9.116 0.059 0.059 
15.5 7.711 8.563 0.055 0.056 
16.5 7.305 8.075 0.052 0.053 
 
 
 150
TABLE: - 5.3                  NO and SiO 
  
TCS (0→1) for e-NO, SiO (pia0
2
) 
 
              
  NO   SiO   
Energy FBA BES FBA BES 
eV. Point Hard sphere Point Hard sphere 
1.5 0.908 0.958 437.807 358.64 
2.5 0.579 0.602 214.662 221.577 
3.5 0.429 0.443 145.365 161.131 
4.5 0.342 0.352 111.896 126.94 
5.5 0.285 0.293 91.935 104.896 
6.5 0.245 0.251 78.52 89.479 
7.5 0.215 0.22 68.798 78.079 
8.5 0.192 0.196 61.382 69.3 
9.5 0.174 0.177 55.512 62.328 
10.5 0.159 0.161 50.734 56.653 
11.5 0.146 0.148 46.759 51.943 
12.5 0.135 0.137 43.395 47.969 
13.5 0.126 0.128 40.506 44.571 
14.5 0.118 0.12 37.996 41.631 
15.5 0.111 0.112 35.793 39.062 
16.5 0.105 0.106 33.842 36.797 
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TABLE:  - 5.4               H2O and HCN 
  
TCS (0→1) for e-H2O, HCH (pia0
2
) 
 
  H2O   HCN   
Energy FBA BES FBA BES 
eV. Point Hard sphere Point Hard sphere 
1.5 90.114 94.705 447.514 310.861 
2.5 48.959 59.549 202.56 192.682 
3.5 34.998 43.745 131.442 140.374 
4.5 27.801 34.699 98.886 110.72 
5.5 23.309 28.818 80.209 91.572 
6.5 20.189 24.678 67.994 78.165 
7.5 17.874 21.601 59.312 68.242 
8.5 16.076 19.222 52.779 60.596 
9.5 14.632 17.326 47.658 54.518 
10.5 13.444 15.778 43.519 49.57 
11.5 12.447 14.49 40.095 45.461 
12.5 11.596 13.401 37.207 41.993 
13.5 10.861 12.468 34.734 39.027 
14.5 10.218 11.659 32.59 36.46 
15.5 9.651 10.951 30.711 34.216 
16.5 9.148 10.326 29.049 32.237 
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TABLE: - 5.5                  H2S and SO2 
 
TCS (0→1) for e-H2S, SO2 (pia0
2
) 
     
  H2S   SO2   
Energy FBA BES FBA BES 
eV. Point Hard sphere Point Hard sphere 
1.5 22.311 28.724 96.649 110.802 
2.5 14.667 18.079 58.566 68.581 
3.5 11.124 13.293 42.975 49.919 
4.5 9.027 10.551 34.268 39.346 
5.5 7.626 8.768 28.636 32.522 
6.5 6.619 7.512 24.667 27.745 
7.5 5.856 6.577 21.705 24.21 
8.5 5.258 5.855 19.404 21.487 
9.5 4.775 5.278 17.562 19.323 
10.5 4.376 4.808 16.05 17.562 
11.5 4.041 4.416 14.787 16.099 
12.5 3.755 4.084 13.714 14.866 
13.5 3.509 3.8 12.791 13.81 
14.5 3.294 3.554 11.988 12.897 
15.5 3.104 3.338 11.283 12.1 
16.5 2.936 3.148 10.659 11.396 
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TABLE: - 5.6                 OCS and H2CO 
 
TCS (0→1) for e-OCS, H2CO (pia0
2
) 
 
  OCS   H2CO   
Energy FBA BES FBA BES 
eV. Point Hard sphere Point Hard sphere 
1.5 19.686 22.828 196.948 198.044 
2.5 12.594 14.177 107.923 122.723 
3.5 9.358 10.344 76.672 89.39 
4.5 7.482 8.168 60.405 70.494 
5.5 6.25 6.761 50.249 58.294 
6.5 5.376 5.775 43.225 49.752 
7.5 4.723 5.044 38.039 43.43 
8.5 4.215 4.481 34.033 38.559 
9.5 3.808 4.032 30.834 34.687 
10.5 3.475 3.667 28.215 31.536 
11.5 3.196 3.364 26.026 28.918 
12.5 2.96 3.107 24.168 26.71 
13.5 2.758 2.888 22.568 24.821 
14.5 2.581 2.698 21.176 23.186 
15.5 2.427 2.532 19.952 21.757 
16.5 2.29 2.386 18.867 20.497 
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TABLE: - 5.7                HC3N and C2H2 
 
TCS (0→1) for e-OCS, C2H2 (pia0
2
) 
 
  HC3N   C2H2   
Energy FBA BES FBA BES 
eV. Point Hard sphere Point Hard sphere 
1.5 709.86 484.583 2.357 2.508 
2.5 316.465 299.569 1.491 1.562 
3.5 204.989 217.959 1.099 1.142 
4.5 154.435 171.786 0.874 0.904 
5.5 125.498 142.012 0.727 0.749 
6.5 106.558 121.183 0.624 0.641 
7.5 93.067 105.778 0.546 0.56 
8.5 82.891 93.912 0.487 0.498 
9.5 74.897 84.486 0.439 0.449 
10.5 68.423 76.812 0.4 0.409 
11.5 63.056 70.442 0.368 0.375 
12.5 58.524 65.067 0.34 0.347 
13.5 54.638 60.469 0.317 0.323 
14.5 51.265 56.491 0.296 0.302 
15.5 48.307 53.014 0.279 0.283 
16.5 45.687 49.949 0.263 0.267 
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TABLE: - 5.8           CH3OH and CH3CHO 
 
TCS (0→1) for e-CH3OH, CH3CHO (pia0
2
) 
 
 
  CH3OH   CH3CHO   
Energy FBA BES FBA BES 
eV. Point Hard sphere Point Hard sphere 
1.5 99.707 113.899 192.133 213.889 
2.5 60.342 70.462 114.255 131.94 
3.5 44.243 51.273 83.397 95.852 
4.5 35.258 40.404 66.369 75.457 
5.5 29.452 33.391 55.414 62.316 
6.5 25.362 28.483 47.711 53.131 
7.5 22.311 24.852 41.972 46.342 
8.5 19.942 22.054 37.515 41.116 
9.5 18.045 19.832 33.947 36.967 
10.5 16.49 18.023 31.021 33.591 
11.5 15.19 16.521 28.576 30.79 
12.5 14.086 15.254 26.499 28.427 
13.5 13.137 14.171 24.713 26.407 
14.5 12.311 13.233 23.159 24.66 
15.5 11.586 12.414 21.795 23.134 
16.5 10.944 11.692 20.586 21.788 
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TABLE: - 5.9            CH3CN and NH2CHO 
 
TCS (0→1) for e-CH3CN, NH2CHO (pia0
2
) 
 
  CH3CN   NH2CHO   
Energy FBA BES FBA BES 
eV. Point Hard sphere Point Hard sphere 
1.5 59.918 71.645 130.753 138.456 
2.5 37.42 44.506 72.208 86.508 
3.5 27.765 32.466 51.848 63.315 
4.5 22.258 25.629 41.212 50.097 
5.5 18.656 21.208 34.526 41.53 
6.5 16.101 18.109 29.869 35.514 
7.5 14.186 15.814 26.407 31.052 
8.5 12.693 14.044 23.718 27.607 
9.5 11.495 12.636 21.559 24.865 
10.5 10.511 11.49 19.784 22.629 
11.5 9.688 10.537 18.294 20.77 
12.5 8.988 9.733 17.025 19.2 
13.5 8.385 9.045 15.929 17.856 
14.5 7.861 8.449 14.972 16.691 
15.5 7.4 7.929 14.129 15.672 
16.5 6.992 7.47 13.38 14.774 
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TABLE: - 5.10         CH3CN and NH2CHO 
 
TCS (0→1) for e-CH3CN, NH2CHO (pia0
2
) 
 
  HCOOH   HCOOCH3   
Energy FBA BES FBA BES 
eV. Point Hard sphere Point Hard sphere 
1.5 59.574 71.425 246.158 237.936 
2.5 37.201 44.393 132.471 147.117 
3.5 27.616 32.394 93.281 107.02 
4.5 22.15 25.578 73.125 84.324 
5.5 18.573 21.17 60.641 69.685 
6.5 16.035 18.079 52.053 59.443 
7.5 14.132 15.789 45.737 51.868 
8.5 12.648 14.023 40.872 46.034 
9.5 11.457 12.619 36.996 41.4 
10.5 10.479 11.475 33.828 37.628 
11.5 9.659 10.524 31.184 34.498 
12.5 8.963 9.721 28.942 31.856 
13.5 8.363 9.035 27.014 29.598 
14.5 7.841 8.44 25.337 27.644 
15.5 7.382 7.92 23.864 25.936 
16.5 6.976 7.462 22.56 24.431 
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TABLE: - 5.11                            
                              
MTCS (0→1) (pia0
2
) 
 
 
Energy SO CH OH SiO H2O 
eV.      
0.5 159.44 120.901 214.363 2902.49 516.849 
1.5 8.96 6.565 12.483 193.852 34.791 
2.5 1.951 1.405 2.776 48.393 8.613 
3.5 0.688 0.506 0.974 18.174 3.201 
4.5 0.337 0.265 0.456 8.394 1.473 
5.5 0.216 0.184 0.27 4.408 0.782 
6.5 0.167 0.152 0.193 2.534 0.464 
7.5 0.144 0.138 0.158 1.561 0.304 
8.5 0.133 0.13 0.139 1.018 0.218 
9.5 0.126 0.125 0.129 0.698 0.168 
10.5 0.121 0.12 0.122 0.5 0.139 
11.5 0.116 0.116 0.117 0.374 0.12 
12.5 0.113 0.112 0.113 0.291 0.108 
13.5 0.109 0.109 0.109 0.234 0.1 
14.5 0.105 0.105 0.106 0.194 0.094 
15.5 0.102 0.102 0.102 0.166 0.09 
16.5 0.099 0.098 0.099 0.145 0.086 
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TABLE: - 5.12 
MTCS (0→1) (pia0
2
) 
 
 
 
Energy HCN SO2 H2CO HC3N CH3OH 
eV.           
0.5 3548.112 197.997 916.465 5870.417 203.537 
1.5 254.574 11.406 59.586 388.425 11.761 
2.5 66.964 2.521 14.46 96.773 2.605 
3.5 26.272 0.884 5.294 36.361 0.914 
4.5 12.601 0.419 2.402 16.812 0.431 
5.5 6.834 0.253 1.255 8.83 0.258 
6.5 4.032 0.185 0.731 5.064 0.187 
7.5 2.533 0.153 0.467 3.101 0.155 
8.5 1.672 0.137 0.324 2.001 0.138 
9.5 1.15 0.128 0.242 1.349 0.128 
10.5 0.819 0.122 0.193 0.945 0.122 
11.5 0.603 0.117 0.162 0.685 0.117 
12.5 0.456 0.113 0.141 0.512 0.113 
13.5 0.355 0.109 0.127 0.395 0.109 
14.5 0.284 0.106 0.117 0.313 0.106 
15.5 0.232 0.102 0.11 0.255 0.102 
16.5 0.194 0.099 0.104 0.212 0.099 
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TABLE: - 5.13 
 
MTCS (0→1) (pia0
2
) 
 
Energy CO NO OCS C2H2 H2S 
eV.           
0.5 0.081 0.126 3.193 0.163 17.095 
1.5 0.034 0.06 0.196 0.099 0.699 
2.5 0.022 0.039 0.159 0.069 0.211 
3.5 0.016 0.03 0.152 0.053 0.158 
4.5 0.013 0.024 0.143 0.043 0.148 
5.5 0.011 0.02 0.133 0.036 0.143 
6.5 0.009 0.017 0.123 0.032 0.137 
7.5 0.008 0.015 0.114 0.028 0.131 
8.5 0.007 0.013 0.106 0.025 0.125 
9.5 0.006 0.012 0.099 0.022 0.119 
10.5 0.006 0.011 0.092 0.02 0.113 
11.5 0.005 0.01 0.087 0.019 0.107 
12.5 0.005 0.009 0.081 0.017 0.102 
13.5 0.004 0.008 0.077 0.016 0.097 
14.5 0.004 0.008 0.072 0.015 0.093 
15.5 0.004 0.007 0.068 0.014 0.088 
16.5 0.004 0.007 0.065 0.013 0.084 
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  TABLE: - 5.14 
    
MTCS (0→1) (pia0
2
) 
 
 
 
Energy CH3CHO CH3CN NH2CHO HCOOH HOOCH3 
eV.           
0.5 494.918 85.495 676.44 88.508 1197.539 
1.5 27.815 4.412 43.34 4.591 78.746 
2.5 6.068 0.93 10.378 0.969 19.309 
3.5 2.072 0.353 3.761 0.365 7.13 
4.5 0.923 0.207 1.698 0.211 3.252 
5.5 0.506 0.16 0.891 0.162 1.699 
6.5 0.329 0.143 0.527 0.143 0.982 
7.5 0.246 0.134 0.347 0.134 0.618 
8.5 0.202 0.129 0.25 0.129 0.419 
9.5 0.177 0.124 0.195 0.124 0.303 
10.5 0.161 0.12 0.162 0.12 0.233 
11.5 0.149 0.116 0.141 0.116 0.189 
12.5 0.14 0.112 0.128 0.112 0.16 
13.5 0.133 0.108 0.118 0.108 0.14 
14.5 0.127 0.104 0.111 0.105 0.126 
15.5 0.121 0.101 0.105 0.101 0.116 
16.5 0.116 0.097 0.101 0.097 0.108 
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CHAPTER-6 
 
CONCLUSION 
 
 
The entire study is divided in three parts (1) the study of low energy 
electron collision with the polyatomic molecules like H2O, H2S, H2Se, H2Te, 
N2O, O3, NH3, PH3, ASH3, SbH3, CHF3, CH3Cl, CH3Br, CH3F, CH2F2, 
CHCl3, CH2F2, C2H6, Ge2H6 and Si2H6. (2) Low energy electron collision 
with molecules like as HCL, HBr, H2O, HCN and CO in plasma medium. (3) 
the study of rotational excitation total and momentum transfer cross-section 
for electron collisions with cometary molecules like SO, CH, OH, CO, NO, 
SiO, H2O, HCN, H2S, SO2, OCS, H2CO, HC3N, C2H2, CH3OH, CH3CHO, 
CH3CN, NH2CHO, HCOOH and HOOCH3. 
 
The investigation reported in the first part deals with a theoretical 
study on electron scattering by polyatomic molecules in the low energy 
range. The calculation are done for the electron collisions with polyatomic 
molecules like H2O, H2S, H2Se, H2Te, N2O, O3, (Three atoms-polyatomic 
molecules), NH3, PH3, AsH3, SbH3 (Four atoms-polyatomic molecules), 
CHF3, CH3Cl, CH3Br, CH3I, CH3F, CH2Cl2, CHCl3, CH2F2 (Five atoms-
polyatomic molecules) and C2H6, Ge2H6, Si2H6 (Eight atoms polyatomic 
molecules). The DCS and TCS of these molecules are calculated using 
point and finite dipole interaction employing FBA approximation, as well as 
the hard sphere dipole interaction potential using Born Eikonal series (BES) 
approximation method. Present results are compared with the results 
obtained by FBA point and finite dipole potential, L.E.Machado et-al (2002), 
M.T.Varella et-al (1997, 1999, 2000, 2002), who used Schwinger variational 
method for static exchange-polarization, W.L.Morgan et-al (2001), others 
theoretical results and available experimental results. The present results 
are found to be in better agreement with L.E.Machado et-al (2002), 
M.T.Varella et-al (1997, 1999, 2000, 2002), W.L.Morgan et-al (2001) and 
experimental results compared with those of Born approximation. 
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The present DCS results are found slightly lower than those of 
M.T.Varella et-al (1997, 1999, 2000, 2001) at small angles (5˚ to 70˚) and 
shows minima in between 90˚· -120˚·. At higher angle (above 120˚), the 
present results are slightly higher than those of M.T.Varella et-al (1997, 
1999, 2000, 2001). In general better agreement is observed with the results 
of M.T.Varella et-al (1997, 1999, 2000, 2001), W.L.Morgan et-al (2001) and 
L.E.Machado et-al (2002). Thus the presents obtained BES method are 
found comparative. 
 
(1)  In the most of the cases, the graph of the present results crosses the 
graph of M.T.Varella et-al (1997, 1999, 2000, 2001) in the range of 110˚ to 
130˚ 
 
(2)  It is observed from the graphs that present results shows better 
agreement with the results of M.T.Varella et-al (1997, 1999, 2000, 2001), 
who used static exchange polarization potential in Schwinger Variation 
iterative method. 
 
(3) It is interesting that all the results obtained by using different method are 
in excellent agreement between 110˚-130˚ 
 
(4) Considering three, four, five and eight atomic molecules the present 
results are in better agreement with the results of M.T.Varella et-al (1997, 
1999, 2000, 2001). Thus it indicates that as the number of atoms in the 
molecule increases, the better agreement is obtained.      
 
In the second part of the present work for the low energy electron 
scattering by polar molecules like HCL, HBr, H2O, HCN and CO is studied 
in plasma medium. We have studied effect of the plasma medium on the 
collisions of slow electron with polar molecules. We have employed the 
Debye-Huckel screening model for the present problem. The differential 
scattering cross sections (DCS) are calculated using First term of BES 
approximation method for incident energy 0.1eV. and 0.5 eV.   
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The experimental results of the above study are not available. So the 
present results are compared with the theoretical results of S.Mohanan et-
al (1990), calculated using FBA for various screening strength. The present 
results are not agreeable with above FBA results in the lower energy 
region. In the results of FBA the DCS decreases as screening parameter 
“λ” increases, while present results shows that DCS increases as “λ” 
increases. The difference of present results and FBA results can be 
explained by higher value of screening as well as decrease in the target 
potential by screening. As “λ” increases the target potential decreases, 
hence larger penetration of the incident particle becomes possible. As a 
result, the interaction time increases during collision process. This provides 
larger interaction time for collision. This causes larger DCS than that due to 
unscreened system (λ=0). The present results may be improved by adding 
higher terms of Born Eikonal Series method or using Close-Coupling 
method. The present technique of calculating DCS can be considered as 
an alternative tool to obtain better results in the study of the collisions in low 
field plasma with finite screening.   
 
In the third part of present work for the cometary molecules like SO, 
CH, OH, CO, NO, SiO, H2O, HCN, H2S, SO2, OCS, H2CO, HC3N, C2H2, 
CH3OH, CH3CHO, CH3CN, NH2CHO, HCOOH and HOOCH3 have been 
studied by FBA using point dipole interaction potential and BES using the 
hard sphere dipole potential method. The total and momentum transfer 
cross sections (MTCS) for electron scattering by cometary molecules are 
calculated in the energy range from 0.5 to 16.5 eV. The present results are 
compared with FBA point. The values of TCS for above molecules 
calculated by FBA point is found more than those of BES method using 
hard sphere potential. The study shows that the BES results are more 
reliable.  
 
The MTCS results for cometary molecules like NO, SiO, H2O, HCN, 
H2S, SO2, OCS, H2CO, HC3N, C2H2, CH3OH, CH3CHO, CH3CN, NH2CHO, 
HCOOH  and  HOOCH3  are found in decreasing order like 
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SiO>H2O>OH>SO>CH, HC3N>HCN>H2CO>CH3OH>SO2, H2S> 
OC>C2H2>NO>CO and HOOCH3>NH2CHO>CH3CHO>HCOOH> HCOOH.     
Same inequalities are found in the magnitudes of the dipole moments of the 
above molecules. So it can be concluded that momentum transfer cross 
section (MTCS) increase with increase in dipole moment. 
 
 
 Further work may be done in above problems as mentioned below 
 
(1)  Better results may be obtained in the above problems by using other   
      more accurate and sophisticated methods. 
 
(2)  One can use short ranged potential, polarizability potential, and  
       correlation potential. 
  
(3)   Newer and newer species of molecules are found in the interstellar   
       space and comets. So those molecules may be added in the above  
       calculations. 
 
(4)   Using those calculations, one can calculate effect of impurity on   
       conductivities labeling plasma. 
 
(5)   Using those calculation one can calculate cooling of interstellar and  
       interplanetary gas. 
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